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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve tiie throughput of a 
projection aligner and to reduce the size and weight of a 
substrate stage. 

SOLUTION: The operations of two stages WS1 and WS2 are 
controlled, so that the positional relation between the alignment 
mark of a substrate W2 and a reference plate FM2 on the stage 
WS2 may be detected accurately by using the detected results 
of an alignment system 24b and measured values on a length 
measuring axis BI5Y. while the substrate Wl is exposed through 
a projection optical system PL by controlling the position of the 
stage WS1 by using measured values on length measuring axes 
BI1X and BI3Y. When the operations of both stages WSl and 
WS2 are terminated, in addition, the interferometer on the axis 
BI3Y is reset in a state where the position of the stage WS2 
can be measured by using the measured values on the axis 
B13Y and. at the same time, the operations of the stage WS2 
are controlled so that the reference plate FM2 can be 
positioned to a position, where the positional relation between 

the interferometer and a prescribed reference point (projecting ^»«tom n»n be 

center of the image of a mask pattern) in the projection area of the projection optical system can be 

detected. 
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* NOTICES * 

jPO and NCIPI are not responsible for ax»y 
damages caused by tbe use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 



Claim 1] It is the projection aligner which carries out projection exposure of the image of tiie patten 
fomlS A the mask on an induction substrate through projection optics Said projection optics is esmbhshed 
indeoendentiy an induction substrate - holding -- the inside of a two-dimensional flat surface -- the 
mSe ! s XtbTtrate stage and; induction substiate - holding - the inside of the same flat surface as said 
7st substiate stage - said 1st substrate stage - the independently movable 2nd substiate stage and; - The 
die^enf sy^^^^^ for detecting the mark on the induction substiate held on said substiate stage or on s^d 
SCe stSThe location of said 1st shaft orientations of said 1st substiate stage from the one side of the 
Saft oriln^tions passing through tiie projection core of said projection optics, tiie de^-tion c^^^^^ 
said alignment systeni The always measured 1st length measurement shaft and the 2nd length measurement 
shaft wSway measures the location of said 1st shaft orientations of said 2nd substiate stage from tiie 
21 of said 1st shaft orientations, The 3rd length measurement shaft which intersects said 1st shaft and 
perpendicular focusing on projection of said projection optics. It has the 4th length ^f^^l^^\l^^^.'^?^ 
Ssects said 1st shaft and perpendicular focusing on detection of said aligmnent system. With ^J^e l^g^ 
measurement shafts The two-di!iiensional location of said 1 st and 2nd substrate stage I^t^^^™^^^^^^^^ 
measured, respectively; while the induction substirate which the location of one stage of said 1 st substrate 
stage and the 2nd substiate stages was managed using the measurement vdue of said 3rd lengtti 
melsurement shaft of said interferometer systems, and was held on one [ this ] stage ^f^^^P^f ^^Tlie phy^^ 
relationship of tiie alignment mark on the induction subsfrate held on the stage of anotiier sjde of said 1st 
substrate stage and the 2nd substiate stages and the reference point on the stage of said another side tiie 
deteS result of said aligmnent system, and tiie measurement value of tiie 4th ^^^f ^"^^^StSf^ 
said interferometer systems After controlling actuation of said two substiate stages to be used and dete^ed 
wWle using tiie measurement value of said 3rd lengtii measurement shaft and resetting the interferometer of 
said 3rd lengtii measurement shaft in tiie condition in which location measurement of ttie stage of said 
anotiier side is possible The control means which controls actuation of the stage of said anotiier sjde so that 
tiie origin/datuii on tiie stage of said anotiier side is positioned in tiie location which <i^tect phy s^^^^ 
relationship witii tiie predetermined origin/datiim in tiie projection field of said projection optics, and tiie 

■ FSS^f Se?alSment system which has a detection core on said 1st shaft in the opposite side of 
said alignment system about said projection optics. Said interferometer systems It has tiie 5* lengto 
measurSnent shaft which intersects said 1st shaft and perpendicular focusmg on ^^c^ion of said^^^^ 
aligmnent system. Said contiol means While tiie induction substiate which tiie ^^^J^^ 
wITanaged using tiie measurement value of said 3rd lengtii measurement shaft of said f ^^^"Jf^f^^^^^^ 
systems, and was held on one [ tiiis ] stage is exposed After contioU ng actuation of said two ^ub^ti^^^^^^^^^ 
so tiiat the physical relationship of tiie aligmnent mark on tiie induction substiate held on ^^t^ge o^ sjud 
another side Ld tiie reference point on tiie stage of said another side is detected using tiie detection result of 
said alignment system, and the measurement value of tiie 4tii lengtii measurement shaft of said 
interferometer systems While resetting tiie interferometer of said 5tii lengtii measurement shaft in ti^e 
S>ndition in whfch location measurement of one [ said ] stage is possible using tiie 

said 5tii lengtii measurement shaft The projection aligner according to claim 1 characterized by contiolling 
actuation of one [ said ] stage so tiiat tiie origin/datum on one [ said ] substiate stage is positioned m tiie 
detection field of said another alignment system. , ^ , • ^ 

[Claim 3] It is tiie projection aligner according to claim 2 which has fiirther tiie earner system wluch 
delivers an induction substrate between said 1st substrate stage and said 2nd substrate stage, and said contiol 
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means is in the condition which positioned the origin/datum on one [ said ] substrate stage in the detection 
field of said another alignment system, and is characterized by delivering a substrate between one [ said ] 

stage and said carrier system. • r. 

[Claim 4] It is the projection aligner according to claim 1 which the reference mark as a referraice pomt of 
said stage is formed on said 1 st substrate stage and said 2nd substrate stage, respectively, and is 
characterized by to have further a mark location detection means the predetermined reference point in the 
projection field of said projection optics is based on projection of the pattern image of said mask, and detect 
the relative-position relation between the projection core of tiie pattern image of said mask, and the 
reference mark on said stage through said mask and said projection optics. 

[Claim 5] It is the projection exposure approach which carries out projection exposure of the image of the 
pattern of a mask on an induction substrate through projection optics. While an induction substrate is held, 
two independently movable substrate stages are respectively prepared for the inside of the same flat surface 
and a predetermined interferometer performs one location measurement of said two stages Projection 
exposure of the pattern image of said mask is carried out on the induction substrate held on one [ this ] stage. 
While an interfwometer other than said predetermined interferometer performs location measurement of the 
stage of another side of said two stages during exposure of the substrate held on one [ said ] stage The 
physical relationship of the alignment mark on the substrate held on the stage of this another side and the 
reference point on the stage of said another side is measured. While resetting said predetermined 
interferometer with said predetermined interferometer after exposure termination of the substrate held on 
one [ said ] stage in the condition in which location measurement of the stage of said another side is possible 
The origin/datum of the stage of said another side is positioned in the location which can detect physical 
relationship with the predetermined origin/datum in the projection field of said projection optics. The 
projection exposure approach characterized by performing alignment of the induction substrate and the 
pattern image of a mask which were held on the stage of said another side using said reset predetermined 
interferometer based on said measured physical relationship. 

[Claim 6] It is the projection aligner which carries out projection exposure of the image of the pattern 
formed in the mask on an induction substrate through projection optics. Said projection optics is estabhshed 
independently, an induction substrate - holding -- the inside of a two-dimensional flat surface - the 
movable 1st substrate stage and; induction substrate ~ holding ~ the inside of the same flat surface as said 
1st substrate stage ~ said 1st substrate stage - the independently movable 2nd substrate stage and; ~ The 
reference mark on said substrate stage And the alignment system for detecting the mark on the induction 
substrate held on said substrate stage; The 1st length measurement shaft for measuring the location of said 
1st shaft orientations of said 1st substrate stage fi-om the one side of the 1st shaft orientations passing 
through the projection core of said projection optics, and the detection core of said alignment system. The 
2nd length measurement shaft for measuring the location of said 1 st shaft orientations of said 2nd substi^te 
stage from the other side of said 1st shaft orientations. It has tiie 3rd lengtii measurement shaft which 
intersects perpendicularly with said 1st shaft focusing on projection of said projection optics, and the 4th 
length measurement shaft which intersects perpendicularly witii said 1 st shaft focusing on detection of said 
alignment system. With these length measurement shafts The two-dimensional location of said 1st and 2nd 
substrate stage Interferometer systems measured, respectively; while exposing the induction subsf ate on 
one [ this ] stage, managing tiie location of one stage of said 1st subsfa-ate stage and said 2nd substi-ate stages 
using the 3rd length measurement shaft of said interferometer systems While searching for tiie physical 
relationship of tiie mark on tiie induction subsfarate held on the stage of said anotiier side, and the reference 
mark on tiie stage of said anotiier side using said alignment system, managing tiie location of tiie stage of 
said another side using tiie 4th lengtii measurement shaft of said interferometer systems After exposure of 
tiie induction substiate held on one [ said ] stage The projection aUgner characterized by having the conti-ol 
means which searches for tiie physical relationship of tiie projection location of tiie partem image of said 
mask by said projection optics, and tiie reference mark on the stage of said another side, managing tiie 
location of the stage of said another side using said 3rd length measurement shaft, and;. 
[Claim 7] The projection aligner according to claim 6 which is after exposure of tiie induction substi-ate held 
on one [ said ] stage, and is characterized by resetting the measurement value of the 3rd length measurement 
shaft of said interferometer systems when searching for tiie physical relationship of the projection location 
of the pattern image of said mask by said projection optics, and the reference mark on tiie stage of said 
another side. 

[Claim 8] the physical relationship of tiie mark on tiie induction substi-ate witii which said contiol means 
was held on the stage of said another side, and the reference mark on the stage of tiie another side - and 
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When the physical relationship of the projection location of the pattern image of said mask by said 
projection optics and the reference mark on the stage of said another side is searched for The projection 
aligner according to claim 6 characterized by exposing the induction substrate held on the stage of said 
another side while controlling the location of the stage of said another side based on the measurement result 
of the 3rd length measurement shaft of ******. 

[Claim 9] Said control means is a projection aligner according to claim 8 characterized by positiomng the 
stage of said another side and exchanging an induction substrate after exposure of the induction substrate 
held on the stage of said another side so that the reference mark on the stage of said another side may enter 
in the detection field of said alignment system. 

[Claim 10] The projection aligner according to claim 9 characterized by resetting the measurement value ot 
the 4th length measurement shaft of said interferometer systems when detecting the reference mark on the 
stage of said another side by said alignment system. 

[Claim 1 1] It is the projection aligner which carries out projection exposure of the image of the pattern 
formed in the mask on an induction substrate through projection optics. Hold an induction substrate and the 
movable 1st substrate stage and; induction substrate are held for the inside of a two-dimensional flat surface. 
Carrier system with which said 1st substrate stage delivers an induction substrate for the inside of the same 
flat surface as said 1st substrate stage between the independently movable 2nd substrate stage, the 1st 
substrate stage of; above, and said 2nd substrate stage; Said projection optics is established independently. 
The alignment system for detecting the mark on the substrate held on the reference mark and said substrate 
stage on said substrate stage; while one stage of said 1 st substrate stages and said 2nd substrate stages 
performs delivery of said carrier system and induction substrate It has the control means which controls said 
two substrate stages so that the stage of another side performs exposure actuation. This control means The 
projection aligner characterized by controlling one [ said ] stage so that the reference mark on one [ said ] 
stage enters in the detection field of said alignment system, when one [ said ] stage delivers an mduction 
substrate between said carrier system. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] , , . . . 

[Field of the Invention] This invention relates to a projection aligner and the projection exposure approach, 
and about the projection aligner and the projection exposure approach of carrying out projection exposure of 
the image of the pattern formed in the mask in more detail on an induction substrate through projection 
optics, especially, two substrate stages are moved independently and it has the description at the point of 
performing exposure processing and other processings in parallel. 

[0002] „ . , .r ^ • 

[Description of the Prior Art] Although various aligners are conventionally used when manutactunng a 
semiconductor device or a liquid crystal display component at a photolithography process, gener^ly m 
current, the projection aligner imprinted on substrates (an "induction substrate" is called suitably hereafter), 
such as a wafer with which the photo mask or the pattern image of a reticle (it is hereafter named a "reticle 
generically) was applied to sensitization material, such as a photoresist, by the front face through projection 
optics, or a glass plate, is used. The so-called contraction projection aligner (the so-called stepper) of the 
step-and-repeat method which lays an induction substrate on a freely movable substrate stage two- 
dimensional, is made to carry out stepping (stepping) of the induction substrate by this substrate stage as this 
projection aligner in recent years, and repeats the actuation which carries out sequential exposure of the 
pattern image of a reticle to each shot field on an induction substrate is in use. 

[0003] Comparatively many projection aligners (for example, scanning aligner which was indicated by JP,7- 
176468 A etc.) of step - which added amelioration to package mold aligners, such as this stepper, and - 
scanning method have also recently come to be used. It has the equalization effectiveness by carrying out 
the relative scan of a reticle and the wafer to ** projection optics which can expect a high throughput by 
reduction of the shots per hour by large field exposure, and has a merit with the expectable improvement in 
distortion or the depth of focus while manufacture of projection optics is easy for it, since the projection 
aligner of this step - and - scanning method can expose the large field by smaller optical system compared 
with ** stepper. Furthermore, since the degree of integration of a semiconductor device becomes [ the large 
field ] indispensable still more in the fiiture in connection witii DRAM of 16M (megger) to 64M, and 
becoming high with a time like 256M and IG (G), it is said that a scanning mold projection aligner will 
become in use instead of a stepper. 

[0004] , , ^ . , , 

[Problem(s) to be Solved by the Invention] It is requested inevitably that the throughput, i.e., a throughput, 
whether it can carry out exposure processing of the wafer of the number of sheets of which in fixed time 
amount since this kind of projection aligner is used mainly as mass-production machmes, such as a 

semiconductor device, should be raised. , j . • ♦u 

[0005] About this, in the case of the projection aligner of step - and - scanning metiiod, when exposing tne 
large field, as stated previously, since the shots per hour exposed in a wafer decreases, improvement in a 
throughput is expected, but From exposure being performed during the uniform migration by synchronous 
scan with a reticle and a wafer When an acceleration/deceleration space is needed before and behind the 
uniform migration field and it exposes tiie shot of magnitiide equivalent to a stepper's shot size temporanly, 
a throughput may fall from a stepper on the contrary. 

[0006] The flow of the processing in this kind of projection aligner has become like size Yoji. 

[0007] ** The wafer load process which loads a wafer on a wafer table using a wafer loader is performed 

first. . V 1 

[0008] ** Next, the search alignment process that a search alignment device performs rough location 
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detection of a wafer is performed. Specifically, this search alignment process is performed by detecting 
[**♦*] the search alignment mark on a wafer on the basis of the appearance of a wafer, 
[0009] ** Next, the fine alignment process which asks for the location of each shot field on a wafer 
correctly is perforaied. Generally as for this fine alignment process, an EGA (en hunger strike global 
alignment) method is used. This method Choose two or more sample shots in a wafer, and sequential 
measurement of the location of the alignment mark (wafer mark) attached to the sample shot concemed is 
carried out. Based on this measurement result and the design value of a shot array, the statistics operation by 
the so-called least square method etc. is performed. It can ask for all the shot array data on a wafer, and can 
ask for the coordinate location of each shot field comparatively with high precision by the high throughput 
(reference, such as JP,6 1-44429, A). 

[0010] ** Next, the exposure process which imprints the pattern image of a reticle on a wafer through 
projection optics is performed, carrying out sequential positioning of each shot field on a wafer in an 
exposure location based on the coordinate location of each shot field for which it asked with the EGA 
method mentioned above, and the amoxmt of base lines measvired beforehand. 

[0011]** Next, the wafer unload process to which the wafer unload of the wafer on the wafer table by 
which exposure processing was carried out is carried out using a wafer imloader is performed. This wafer 
unload process is performed to the wafer load process and coincidence of the above-mentioned ** of a 
wafer which perform exposure processing. That is, a wafer exchange process is constituted by ** and **. 
[0012] thus - the conventional projection aligner - wafer exchange -> search alignment -> fine alignment - 
> exposure -> wafer exchange - like four actuation is greatly performed repeatedly using one wafer 
stage 

[0013] Moreover, the throughput THOR of this kind of projection aligner [**/time amount] can express the 
wafer swap time mentioned above like a degree type (1) for Tl and search alignment time amount, when T2 
and fine alignment time amount are made into T3 and the exposure time is made into T four. 
[0014] 

THOR=3600/(T1+T2+T3+T four) (1) 

actuation of the above Tl - T four ~ T - repeat activation is carried out one by one (sequentially) like 1 - 
>T2 ->T3->T-four->Tl .... For this reason, if each element to Tl - T four is accelerated, a denominator can 
become small and can raise Throughput THOR. However, since 1 actuation is only performed to one wafer, 
the effectiveness of an improvement of Tl (wafer swap time) and T2 which were mentioned above (search 
alignment time amount) is comparatively small. Moreover, in the case of T3 (fine alignment time amount), 
if the number of samplings of a shot is lessened or the measurement time amount of a shot simple substance 
is shortened in case the EGA method mentioned above is used, a throughput can be raised, but since 
alignment precision is made to deteriorate conversely, T3 cannot be shortened easily. 
[001 5] Moreover, T four (exposure time) includes the wafer exposxire time and the stage stepping time 
between shots. For example, in the case of a scanning projection aligner like step - and - scanning method, 
although only the part which shortens the wafer exposure time needs to gather the relative scan speed of a 
reticle and a wafer, a scan speed cannot be easily gathered fi-om synchronous precision deteriorating. 
[0016] Moreover, as important conditions, ** resolution, ** depth of focus (DOF:Depth of Forcus), and ** 
hne breadth control precision are mentioned besides the above-mentioned throughput side with this kind of 
projection aligner. When exposure wavelength is set to lambda and numerical aperture of a projection lens is 
made into N.A. (Numerical Aperture), resolution R is proportional to lambda/N.A., and the depth of focus 
DOF is lambday2 (N.A.). It is proportional. 

[0017] For this reason, for raising resolution R (the value of R is made small), it is necessary to make 
exposure wavelength lambda small or, and it is necessary to enlarge numerical-aperture N.A. Especially, 
recently, densification, such as a semiconductor device, is progressing, and since a device rule is becoming 
below 0.2micromL/S (Rhine - and - tooth space), in order to expose these patterns, KrF excimer laser is 
used as a source of the illumination light. However, as mentioned above, the degree of integration of a 
semiconductor device of going up further in the fiiture is inevitable, and development of equipment 
equipped with the light source [ short wavelength / KjF ] is desired. Although equipment, an electron ray 
aligner, etc. which made ArF excimer laser the light source are typically mentioned as a candidate of the 
equipment of the next generation equipped with such the short wavelength light soxxrce In the case of ArF 
excimer laser, light hardly penetrates in a place with oxygen. When it is hard to come out of high power, the 
life of laser is also short, and the technical technical problem that equipment cost is high has accumulated. 
Moreover, since there is un-arranging [ that a throughput is remarkable and it is low compared with an 
optical aligner ] in the case of an electron ray aligner, as for development of the next-generation machine 
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which made short wavelength-ization the main viewpoints, not going so that it may consider is actual. 
[0018] Although enlarging numerical-aperture N.A. is also considered as other technique of raising 
resolution R, when N.A. is enlarged, there is a demerit that DOF of projection optics becomes small. This 
DOF can be divided roughly into UDOF(s) (the part used by the User Depth of Forcus:user side: a pattern 
level difference, resist thickness, etc), and the own comprehensive focal difference of equipment. Until 
now, since the ratio of UDOF was large, the direction which takes large DOF is the main shaft of aligner 
development, it considers as the technique of taking this large DOF, for example, deformation lighting etc. 
is put in practical use. 

[0019] By the way, although it is necessary to form on a wafer the pattern with which last shipment (Rhine - 
and - tooth space), Isolation L (Rhine), Isolation S (tooth space) and CH (contact hole), etc. combined in 
order to manufacture a device, the exposure parameters for performing the optimal exposure for every 
pattern configurations, such as the above-mentioned last shipment and isolated Rhine, differ. For this reason, 
it is performed that resolution asks for common exposure parameters (the coherence factor sigma, N.A., 
exposure control precision, reticle drawing precision, etc.) with which it becomes in a predetermined 
allowable error, and predetermined DOF is obtained to desired value, and makes this the specification of an 
aligner conventionally using the technique of ED-TREE (CH from which a reticle differs removes). 
However, it is thought that there is the following technical flow from now on. 

[0020] ** By improvement in process technical (wafer top flattening), the reduction in a pattern level 
difference and resist thickness reduction may progress, and UDOF may become less than [ 1 micrometer 
base ->0.4micrometer ]. 

[0021] ** Exposure wavelength has short-wavelength-ized with g line (436nm) ->i line (365nm) ->KrF 
(248nm). However, only the light source to ArF (193) is examined and the technical hurdle is also high from 
now on. It shifts to EB exposure after that. 

[0022] ** It is expected that scan exposure like step - and - scan becomes the mainstream of a stepper 
instead of quiescence exposure like step-and-repeat one. Large field exposure is possible for this technique 
at the small projection optics of a path (especially the scanning direction), and it tends to realize that part 
quantity N.A.-ization. 

[0023] The above technical trends are made into a background, a double exposure method is improved as an 
approach of raising marginal resolution, in this double exposure method, it uses for an ArF aligner in the 
fiiture, and KrF and the attempt in which it will expose to O.lmicromL/S are examined. Generally a double 
exposure method is divided roughly into the following three approaches. 

[0024] (1) Form in a separate reticle last shipment and the isolated line by which exposure parameters differ, 
and expose to a duplex on the same wafer according to the optimal exposure conditions respectively. 
[0025] (2) When a phase shift method etc. is introduced, marginal resolution of last shipment is higher than 
an isolated line at the same DOF. By using this, all patterns are formed by last shipment by the reticle of the 
1 st sheet, and an isolated line is formed by operating last shipment on a curtailed schedule in the reticle of 

the 2nd sheet. , 
[0026] (3) Generally an isolated line can obtain resolution high at small N.A. from last shipment (however, 
DOF becomes small). Then, all patterns are formed by the isolated line and last shipment is formed with the 
combination of the isolated line formed by the reticle of the 2nd sheet with the 1 st sheet, respectively. 
[0027] The above-mentioned double exposure method has two effectiveness, the improvement in resolution, 
and the improvement in DOF. 

[0028] However, since a double exposure method needs to perform exposure processing two or more times 
using two or more reticles, From there having been un-arranging [ that the exposure time (T four) became 
more than twice compared with conventional equipment, and a throughput deteriorated sharply ], actually 
The double exposure method is not examined not much earnestly, and improvement in resolution and the 
depth of focus (DOF) has been conventionally performed by ultraviolet-izing of exposure wavelength, 
deformation lighting, the phase shift reticle, etc. 

[0029] However, when the double exposure method described previously was used for KrF and an ArF 
aligner, and exposure to O.lmicromL/S was realized, it does not have misgiving that it is the leading 
alternative of development of the next-generation machine aiming at the mass production of DRAM of 
256M and 1 G, and it looked forward to development of a new technique for improvement in the throughput 
which is the technical problem of the double exposure method used as the neck for it. 
[0030] If four actuation mentioned above, i.e., wafer exchange, search alignment, fine alignment, and two or 
more actuation of the exposure actuation can be processed in [ that it is also partial ] concurrency about this 
Although it will be the requisite it to be thought compared with the case where these four actuation is 
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performed sequentially for that a throughput can be raised, and to prepare two or more substrate stages for 
that purpose Although a theory top can regard this as easy, in order to prepare two or more substrate stages 
actually and to demonstrate sufficient effectiveness, many problems which must be solved have 
accumulated. For example, in arranging two substrate stages of magnitiide comparable as the present 
condition [ only ], the installation area (the so-called footprint) of equipment increases remarkably, and there 
is un-arranging [ of causing the cost rise of the clean room on which an aligner is put ]. Moreover, smce it is 
necessary to expose by performing alignment of the pattern image of a mask, and an induction subsfrate 
using the result of the alignment after performing alignment to the induction substrate on the same Kibstrate 
stage, in order to realize highly precise superposition, the solution with reaUstic making one side only into 
for example, for exposure between two substi^te stages, and only making another side only into for 

alignment etc. cannot change. ^ . . 

[003 1 ] This invention was made under this sitiiation and the 1 st purpose is m offermg the projection aligner 
which can attain improvement in a throughput, and small and lightweight-izing of a subsb^te stage by 
parallel processing of exposure actuation, alignment actuation, etc. 

[0032] Moreover, the 2nd purpose of this invention is to offer the projection exposure ^proach which can 
attain improvement in a throughput, and small and lightweight-izing of a stage. 

[0033] . . ,. u • * 

[Means for Solving the Problem] Invention according to claim 1 is a projection aligner which cames out 
projection exposure of tiie image of tiie pattern formed in the mask (R) on an induction substi-ate (Wl, W2) 
through projection optics (PL). Hold an induction substrate (Wl) and the movable 1st substrate stage (WSl) 
and- induction substrate (W2) are held for the inside of a two-dimensional flat surface. The inside of the 
same flat surface is independentiy established in tiie 2nd substrate stage (WS2) where said 1st substirate 
stage (WSl) is independently movable, and the; aforementioned projection optics (PL) as said 1st substirate 
stage (WSl) On said substirate stage (WSl , WS2) Or the alignment system for detecting the mark on the 
induction substrate (Wl , W2) held on said substrate stage (WSl , WS2) (for example, 24a); the projection 
core of said projection optics (PL), and tiie detection core of said alignment system (24a) The 1st lengtti 
measurement shaft which always measures tiie location of said 1st shaft orientations of said 1st substiate 
stage (WSl) from the one side of tiie 1st shaft orientations along which it passes (BIIX), The 2nd lengtii 
measurement shaft which always measures the location of said 1st shaft orientations of said 2nd substirate 
stage (WS2) from tiie otiier side of said 1st shaft orientations (BI2X), The 3rd lengtii measurement shaft 
which intersects said 1st shaft and perpendicular focusing on projection of said projection optics (PL) 
(B13Y) It has tiie 4tii lengtti measurement shaft (BI4Y) which intersects said 1st shaft and perpendicular 
focusing on detection of said alignment system (24a). Witti tiiese lengtii measurement shafts (BI1X-BI4Y) 
The location of one stage of said 1st substrate stage (WSl) and tiie 2nd substi-ate stages (WS2) 
Interferometer systems which measure tiie two-dimensional location of said 1 st and 2nd substrate stage 
(WSl and WS2), respectively; the measurement value of said 3rd lengtii measurement shaft (BI3Y) of said 
interferometer systems While tiie induction substrate which used, was managed and was held on one [ tins ] 
stage is exposed Said 1st substiate stage (WSl) The physical relationship of tiie alignment mark on tiie 
induction substiate held on the stage of anotiier side of the 2nd substi-ate stages (WS2) and tiie reference 
point on tiie stage of said anotiier side and tiie detection result of said alignment system (24a), and tiie 
measurement value of ttie 4tti lengtii measurement shaft (BI4Y) of said interferometer systems After 
contioUing actuation of said two substiate stages (WSl, WS2) to be used and detected While resettmg tiie 
interferometer of said 3rd lengtti measurement shaft (BI3 Y) using ttie measurement value of said 3rd len^ 
measurement shaft (BI3Y) in the condition in which location measurement of tiie stage of said anotiier side 
is possible It has ttie contiol means (90) and; which control actuation of the stage of said another side so tiiat 
tiie origin/dahim on tiie stage of said anotiier side is positioned in tiie location which can detect physical 
relationship with tiie predetermined origin/datum in tiie projection field of said projection optics (PL). 
[0034] Since tiie location of tiie 1st shaft orientations of the 1st substiate stage and the 2nd substrate stage is 
measured with tiie 1st lengtii measurement shaft of interferometer systems, and ttie 2nd lengtti measurement 
shaft according to ttiis, if ttie location of a direction perpendicular to tiie 1st shaft orientations also about 
which substiate stage is correctty measured at ttie time of alignment mark measurement etc. at tiie time of 
exposure, tiie two-dimensional location of tiie 1st and 2nd substiate stage is manageable. In this case, while 
tiie induction substiate which tiie location of one stage of tiie 1st substi-ate stage and tiie 2nd substiate stages 
was managed using tiie measurement value of tiie 3rd lengtii measurement shaft of interferometer systems, 
and was held in tiie confrol means on one [ tiiis ] stage is exposed The physical relationship of tiie alignment 
mark on tiie induction substiate held on ttie stage of anottier side of ttie 1st substiate stage and ttie 2nd 
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substrate stages and the reference point on the stage of another side the detection result of an alignment 
system and the measurement value of the 4th length measurement shaft of mterferometer systems After 
controlling actuation of two substrate stages to be used and detected, while using the measurement v^ue of 
the 3rd length measurement shaft and resetting the interferometer of the 3rd length measurenient shaft m the 
condition in which location measurement of the stage of another side is possible Actuation of the stage of 
another side is controlled so that the origin/datum on the stage of another side is positioned m the location 
which can detect physical relationship with the predetermined origin/datum in the projection field of 

moslf NaiS ely?the induction substrate held in the control means on one [ said ] stage is received. While 
exposure of the pattern image of the mask through projection optics is performed managing the location of 
one stage without an Abbe error using the measurement value of the 3rd length measurement shaft which 
crosses focusing on projection of projection optics at right angles to the length measurement stoft (the 1st 
length measurement shaft and the 2nd length measurement shaft) of the 1 st shaft onentations ThG 
measurement value of the 4th length measurement shaft with which the physical relationship of the 
alignment mark on the induction substrate held on the stage of another side and the reference point on the 
stage of another side crosses focusing on detection of the detection result of an alignment system, and an 
alignment system at right angles to the length measurement shaft (the 1st length measurement shaft and ttie 
2nd length measurement shaft) of the 1st shaft orientations Actuation of two substrate stages is confroUable 
to use and to be detected correctly without an Abbe error. Thus, since exposure actuation on one substrate 
stage and alignment actuation on the stage of another side can be performed in parallel, it is possible to aim 

at improvement in a throughput. , , , ^ *i, 

[0036] Moreover, after actuation of both the above-mentioned stages is completed, while resetting the 
interferometer of the 3rd length measurement shaft in the condition in which location measurement of the 
stage of another side is possible using the measurement value of the 3rd length measurement shaft, actuation 
of the stage of another side is controlled by the control means so that the origin/datum on the stage of 
another side is positioned in the location which can detect physical relationship with the predetermmed 
origin/datum in the projection field of projection optics, for this reason, about the stage of another side 
(alignment was completed) where the physical relationship of the reference point on a stage and ttie 
ali^Iment mark on an induction substrate was measured Even if the 4th length measurement shaft used at 
the time of measurement of an alignment mark lapses into measurement disabling The location can be 
managed now using the measurement value of the 3rd length measurement shaft that there is nothmg 
inconvenient [ what etc. ]. The physical relationship of the reference point on the stage of another side and 
the predetermined reference point in the projection field of projection optics is detected, and it becomes 
possible to expose performing alignment of the projection field of projection optics, and an induction 
substrate using this physical relationship, said alignment measurement result, and the measurement value ot 
the 3rd length measurement shaft. That is, since it becomes possible to perform location management ot the 
stage of another side at the time of exposure with another length measurement shaft even if the length 
measurement shaft which had managed the location of the stage of another side at the time of aligmnent 
serves as measurement impossible, the stage reflector for reflecting the interferometer beam of each above- 
mentioned length measurement shaft can be miniaturized, and, thereby, a substrate stage can be 

miniaturized. i • i t*!. 

[0037] Invention according to claim 2 is set to a projection aligner according to claim 1. It has another 
alignment system (24b) which has a detection core on said 1st shaft in the opposite side of said alignment 
system (24a) about said projection optics (PL). Said interferometer systems It has the 5th length 
measurement shaft (BI5Y) which intersects said 1 st shaft and perpendicular focusing on detection of said 
another alignment system (24b). Said control means (90) While the induction substrate which ^le location of 
one [ said ] stage was managed using the measurement value of said 3rd length measurement shaft (BI3Y) 
of said interferometer systems, and was held on one [ this ] stage is exposed So that the physical relationship 
of the alignment mark on the induction substrate held on the stage of said another side and the reference 
point on the stage of said another side may be detected using the detection result of said alignment system, 
and the measurement value of the 4th length measurement shaft (BI4Y) of said interferometer systOTis 
acmation of said two substrate stages After controlling, while using the measurement value of said 5th 
length measurement shaft (BI5Y) and resetting the interferometer of said 5th length measurement shaft 
(BI5Y) in the condition in which location measurement of one [ said ] stage is possible It is charactenzed by 
controlling actuation of one [ said ] stage so that the origin/datum on one [ said ] substrate stage is 
positioned in the detection field of said another alignment system (24b). 
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[00381 As opposed to the induction substrate which was held by the control means on one [ said ]stage 
according to this While exposure of the pattern image of the mask through projection optics is pCTformed 
managing the location of one stage without an Abbe error using the measurement value of the 3rd lengUi 
measurement shaft which crosses focusing on projection of projection optics at nght angles to tiie length 
measurement shaft (the 1 st length measurement shaft and the 2nd length measurement sh^) of the 1st shaft 
orientations The measurement value of the 4th length measurement shaft with which the physical 
relationship of the alignment mark on the induction substrate held on the stage of another side and the 
reference point on the stage of another side crosses focusing on detection of the detection result of an 
alignment system, and an alignment system at right angles to the length measurement shaft (the 1st length 
measurement shaft and the 2nd length measurement shaft) of the 1 st shaft orientations Actuation of two 
substrate stages can be controlled, it will do in this way, and exposure actuation on one substrate stoge and 
alignment actuation on the stage of another side. will be performed in parallel so that it may use and may be 
detected correctly without an Abbe error. *v u 

r00391 Moreover, in the detection field of another alignment system, after actuation of both the above- 
mentioned stages is completed, while resetting the interferometer of the 5th length measurement shaft in the 
condition in which location measurement of one stage is possible using the measurement value of the 5th 
length measurement shaft, the origin/datum on one substrate stage controls actuation of a stage by the 
control means so that while is positioned. The exposure to an induction substrate was completed by wlule^ 
For this reason, about a stage Even if the 3rd length measurement shaft used at the time of exposure will be 
in measurement disabling, that there is nothing inconvenient [ what etc. ] The location can be managed now 
without an Abbe error using the measurement value of the 5th length measurement shaft which CTOSses 
focusing on detection of another alignment system at right angles to the length measurement shaft (the 1st 
length measurement shaft and the 2nd length measurement shaft) of the 1st shaft onentations. The locatioii 
of the ARAMENTO mark of the induction substrate held by another alignment system on the location ot the 
origin/datum on one substrate stage and one stage can be succeedingly measured now to exposure. 
Therefore, shift two substrate stages to the 1st shaft orientations, and location measurement of tiie substrate 
stage of another side which alignment actuation ended resets the interferometer of the 3rd length 
measurement shaft in the possible condition using the measurement value of the 3rd length measurement 
shaft When while was completed and exposure actuation resets the interferometer of the 5th length 
measurement shaft in the condition in which location measurement of a stage is possible using ttie 
measurement value of the 5th length measurement shaft, it becomes possible to change easily the exposure 
actuation by the side of one stage, and the exposure actuation by the side of the stage of anojer side^ 
[00401 In having fiirther the carrier system (180-200) which delivers an induction substrate (Wl, W2) like 
invention according to claim 3 between the 1st substrate stage (WSl) and the 2nd substrate stage (WS2), m 
this case, said control means It is desirable that it is made to deliver a substrate between one [ said ] stage 
and said carrier system (180-200) where the origin/datum on one [ said ] substrate stage ispositioned in the 
detection field of said another alignment system (24b). Since delivery of a substrate is performed between 
one stage and carrier system in addition to a change in the above-mentioned exposure actuation 
alignment actuation where the origin/datum on one substrate stage is positioned m the detection tield ot 
another alignment system with reset of the 5th length measurement shaft of interferometer systems by the 
control means when doing in this way, the location measurement of an origin/datum and the exchange of an 
induction substrate which are alignment initiation actuation can be performed by the quiescent state ot a 
substrate stage. Furthermore, since it becomes possible to perform actuation of the time amount Tl . the time 
amount T2 and time amount T3 which were explained previously by one substrate stage side in addition to 
the transit time of the substrate stage from a substrate exchange location to an alignment starting position 
serving as zero, and to operate time amount T four by the substrate stage side of another side, even it 
compared with the case of invention according to claim 2, it becomes possible to aim at improvement in a 

throughput fiirther. i • i /-w vi i * 

[0041] Invention according to claim 4 is set to a projection aligner according to claim l^n smd 1st 
substrate stage (WSl) and said 2nd substrate stage (WS2), the reference mark (MKl , MK2, MK3) as a 
reference point of said stage is formed, respectively. The predetermined reference point m the projection 
field of said projection optics (PL) is based on projection of the pattern image of said mask (R). It is 
characterized by having fiirther a mark location detection means (142,144) to detect the relative-position 
relation between the projection core of the pattern image of said mask (R), and the reference mark on said 
stage through said mask (R) and said projection optics (PL). 

[0042] As opposed to the induction substrate which was held by the control means on one stage according to 
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this While exposure of the pattern image of the mask through projection optics is performed managing the 
location of one stage without an Abbe error using the measurement value of the 3rd length measurement 
shaft So that the physical relationship of the aligmnent mark on the induction substrate held on tiie stage of 
another side and tiie reference mark on the stage of another side (MK2) may be detected correctly wi^out 
an Abbe error using the detection result of an aligmnent system (24a). arid the measurement value of the 4th 
length measurement shaft Actuation of two substrate stages can be controlled, it will do m this way and 
exposure actuation on one substrate stage and alignment actuation on the stage of another side will be 

fSSMtor^vCTTafter actuation of both the above-mentioned stages is completed, while resetting the 
Lterferometer of the 3rd length measurement shaft in the condition in which location measurement of the 
stage of another side is possible using the measurement value of the 3rd lengUi measurem«it shaft, actuation 
of Sie stage of another side is contioUed by the control means so that the origm/dahun on the stage ot 
another side (MKl , MK3) is positioned in the location which can detect the physic^ relationship based on 
r of the pattern image of a mask ] projection, for this reason, about the stage of another side where the 
physical relationship of the reference point on a stage (MK2) and the aligmnent mark on an mduction 
substiate was measured Even if the 4th length measurement shaft used at the time of measurement of an 
alignment mark will be in measurement disabling The location can be managed now using the measurement 
value of the 3rd length measurement shaft that there is nothing inconvement [ what etc. ]. Are detectable 
using a mark location detection means (142,144) to detect the reference point on the stage of another side 
(MKl MK3), and the relative-position relation based on [ of the pattern image of a mask ] projection 
ttirough a mask (R) and projection optics (PL). It becomes possible to expose performing alignment of the 
pattern image of a mask and induction substiate by projection optics (PL) using this physical relationship, 
said aligmnent measurement result, and the measurement value of the 3rd length measurement shaft. 
[0044] Invention according to claim 5 is the projection exposure approach which carries out projection 
Exposure of the image of the pattern of a mask (R) on an induction substiate 0^1, W2 throu^ projection 
optics (PL). While an induction substrate (Wl, W2) is held, tivo independently movable substrate stages 
fWSl WS2) are respectively prepared for the inside of the same flat surface and a; predetermined 
interferometer performs one location measurement of said two stages Projection expos^e of the pattern 
image of said mask is carried out on the induction substrate held on one [ this ] stage. While an 
interferometer other than said predetermined interferometer performs location measurement of the stage of 
another side of said two stages during exposure of the substiate held on one [ said ] stage After exposure 
termination of the induction substiate which measured the physical relationship of the alignment mark on 
the induction substiate held on the stage of this another side, and the origin/datian on the stage of said 
another side, and was held on; aforementioned one stage While resetting said predetermmed interferometa: 
with said predetermined interferometer in the condition in which location measurement of the stage of s^d 
another side is possible It is based on the physical relationship by which positioned the ongm/datiim ot the 
stage of said another side in the location which can detect physical relationship with the predetermined 
origin/datiim in the projection field of said projection optics, and the; aforementioned nieasxu^ement was 
carried out. It is characterized by performing alignment of the induction substiate and the pattern image of a 
mask which were held on the stage of said another side using said reset predetermmed interferometer. 
[00451 According to this, measurement (alignment acttiation) of the physical relationship of exposure 
actiiation of the induction substiate held on one stage, and the aligmnent m^k of tfie induction substiate 
held on the stage of another side and the reference point on tiiis stage is performed m parallel. Under the 
present circumstances, the location of one stage is managed by the predetermined interferometer, and tiie 
location of the stage of another side is managed by another interferometer. And after tiie exposure achiation 
by the side of one stage is completed, while the predetermined interferometer is reset in ttie condition in 
which location measurement of the stage of another side is possible by the predet^ned interferometer 
which had managed the location of the stage which is one side till then, tiie ongin/datum of the stage of 
another side is positioned in the location which can detect physical relationship with the predetermined 
origin/datiim in the projection field of projection optics. Then, based on the physical relationship of tiie 
aligmnent mark on the induction substiate held on the stage of another side measured previously, and the 
origin/datiim on the stage of another side, alignment of the induction substiate aid die pattern image ot a 
mask which were held on the stage of anotiier side using the reset predetermined interferometer is 
performed, and projection exposure of the pattern image of a mask is earned out on an induction substiate 
[0046] Namely, after exposure actiiation of the induction substiate held on one substiate stage Mid ^^S^^^ 
actiiation of the induction substiate held on the stage of anotiier side are performed m parallel If the stage ot 
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another side is moved to the direction of projection optics in parallel to one substrate stage evacuating to a 
predetermined substrate exchange location and the stage of the another side comes the location to a location 
measurable [ with a predetermined interferometer ] The predetermined interferometer concerned is reset. 
The predetermined reference point in the projection field of projection optics If the reference point of the 
stage of another side is positioned in the location which can detect the physical relationship (for example, 
based on [ of the pattern image of a mask ] projection) and both physical relationship is detected This 
detection result AUgnment of the induction substrate and the pattern image of a mask which were held on 
the stage of another side is performed at the time of exposure, managing a location wifli the predetermined 
interferometer after reset based on the physical relationship of the reference point on the stage previously 
measured on the occasion of alignment actuation, and an alignment mark. 

[0047] Therefore, while being able to aim at improvement in a throughput by performing exposure actuation 
of the induction substrate on one substrate stage, and alignment actuation of the induction substrate on the 
substrate stage of another side in parallel Even if another interferometer which had managed the location of 
the stage of another side at the time of alignment serves as measurement impossible Since it becomes 
possible to perform location management of the stage of another side at the time of exposure with a 
predetermined interferometer, the stage reflector for reflecting the interferometer beam of each above- 
mentioned interferometer can be miniaturized, and, thereby, a substrate stage can be miniaturized. 
[0048] Invention according to claim 6 is a projection aligner which carries out projection exposure of the 
image of the pattern formed in the mask (R) on an induction substrate (Wl , W2) through projection optics 
(PL). Hold an induction substrate (Wl) and the movable 1st substrate stage (WSl) and; induction substrate 
(W2) are held for the inside of a two-dimensional flat surface. The inside of the same flat surface is 
independently established in the 2nd substrate stage (WS2) where said 1st substrate stage (WSl) is 
independently movable, and the; aforementioned projection optics (PL) as said 1st substrate stage (WSl). 
The alignment system for detecting the mark on the induction substrate held on the reference mark and said 
substrate stage on said subsbrate stage (WSl, WS2) (for example, 24a); the projection core of said projection 
optics (PL), and the detection core of said alignment system (24a) The 1st length measurement shaft for 
measuring the location of said 1st shaft orientations of said 1st substrate stage (WSl) from the one side of 
the 1st shaft orientations along which it passes (BIIX), The 2nd length measurement shaft for measuring the 
location of said 1st shaft orientations of said 2nd substrate stage (WS2) from the other side of said 1st shaft 
orientations (BIX2), The 3rd length measurement shaft which intersects perpendicularly with said 1st shaft 
focusing on projection of said projection optics (PL) (BI3Y), It has the 4th length measurement shaft (BI4Y) 
which intersects perpendicularly with said 1st shaft focusing on detection of said alignment system (24a). 
With these length measurement shafts (BI1X-BI4Y) The location of one stage of said 1st substrate stage 
(WSl) and said 2nd substrate stages (WS2) Interferometer systems which measure the two-dimensional 
location of said 1st and 2nd substrate stage (WSl and WS2), respectively; the 3rd length measurement shaft 
(BI3Y) of said interferometer systems While exposing the induction substrate on one [ this ] stage, using and 
managing While searching for the physical relationship of the mark on the induction substrate held on the 
stage of said another side, and the reference mark on the stage of said another side using said alignment 
system (24a), managing the location of the stage of said another side using the 4th length measurement shaft 
(BI4Y) of said interferometer systems After exposure of the induction substrate held on one [ said ] stage It 
has the control means (90) and; which search for the physical relationship of the projection location of the 
pattern image of said mask by said projection optics (PL), and die reference mark on the stage of said 
another side, managing the location of the stage of said another side using said 3rd length measurement shaft 
(BI3Y). 

[0049] While exposing the induction substrate on one [ this ] stage by the control means according to this, 
managing the location of one stage of the 1st substrate stage and the 2nd substrate stages using the 
measurement value of the 3rd length nieasurement shaft of interferometer systems While searching for the 
physical relationship of the mark on the induction substrate held on the stage of another side, and the 
reference mark on the stage of another side using an aUgnment system The physical relationship of the 
projection location of the pattern image of the mask by projection optics and the reference mark on the stage 
of another side is searched for using the 3rd length measurement shaft and managing the location of the 
stage of another side after exposure of the induction substrate held on one stage. 

[0050] Namely, the induction substrate held in the control means on one [ said ] stage is received. While 
exposure of the pattern image of the mask through projection optics is performed managing the location of 
one stage without an Abbe error using the measurement value of the 3rd length measurement shaft which 
intersects perpendicularly with tfie length measurement shaft (the 1 st length measurement shaft and the 2nd 
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length measurement shaft) of the 1st shaft orientations focusing on projection of projection optics The 
measurement value of the 4th length measurement shaft which intersects perpendicularly with the length 
measurement shaft (the 1 st length measurement shaft and the 2nd length measurement shaft) of the 1 st shaft 
orientations the physical relationship of the mark on the induction substrate held on the stage of another 
side and the reference mark on the stage of another side focusing on detection of the detection result of an 
aligUent system, and an alignment system Since it can use, it can detect correctiy without an Abbe error, it 
can do in this way and exposure actuation on one substrate stage and alignment actuation on the stage of 
another side can be performed in parallel, it is possible to aim at improvement m a throughput. 
rOOSll Moreover, in a control means, the physical relationship of the projection location of the pattern 
image of the mask by projection optics and the reference mark on the stage of another side is se^ched for, 
using the 3rd length measurement shaft and managing the location of the stage of another side after 
exposure of the induction substrate held on one stage, i.e., termination of both the above-mentioned stages 
of operation, for this reason, about the stage of another side (alignment was completed) where the physical 
relationship of the reference mark on a stage and tiie alignment mark on an induction substiate was 
measured Even if the 4th length measurement shaft used at the time of measurement of an alignment mark 
lapses into measurement disabling The location can be managed now using the measurenient value ot ttie 
3rd length measurement shaft that there is nothing inconvenient [ what etc. ]. It asks for the relation between 
the reference mark on tiie stage of another side, and the projection location of the pattern image of the mask 
bv projection optics. It becomes possible to expose performing alignment of the projection held ot 
projection optics, and an induction substrate using this physical relationship, said aUgnment measurement 
result and ttie measurement value of the 3rd length measurement shaft. That is, since another length 
meas^ement shaft performs location management of the stage of another side at the time of exposure ev«i 
if the length measurement shaft which had managed the location of the stage of another side at the time of 
alignment serves as measurement impossible, the stage reflector for reflecting the interferometer beam of 
eadi above-mentioned length measurement shaft can be miniatiirized, and, thereby, a substiate stage can be 

m(S2]hrtitis case, it is after exposure of the induction substiate held like invention according to claim 7 on 
one [ said ] stage, and when searching for tiie physical relationship of tiie projection location of the pattern 
image of said mask (R) by said projection optics (PL), and the reference mark on *^stfgj°/jf^<^,^°*^' 
side, you may make it reset tiie measurement value of tiie 3rd lengtii measurement shaft (BI3Y) ot said 

interferometer systems. . j ^ a ciA 

10053] Invention according to claim 8 is set to a projection aligner given in above-maitioned claim 6. Said 
control means (90) tiie physical relationship of tiie mark on tiie induction substiate held on tiie stage of said 
anotiier side, and the reference mark on tiie stage of tiie anotiier side - and When ttie physical relationship 
of tiie projection location of tiie pattern image of said mask by said projection optics and the reference mark 
on the stage of said anotiier side is searched for It is characterized by exposing tiie induction substiate held 
on tiie stage of said another side, controlling the location of the stage of said anotiier side based on tiie 
measurement result oftiie 3rd lengtii measurement shaft of ******. 

[00541 the physical relationship (a sensor witii ttiis same ~) oftiie mark on tiie induction substrate which 
was held on tiie stage of anotiier side according to tiiis, and tiie reference mark on the stage oftiie another 
side tiiat is, and it asks by tiie alignment system Since tiie induction substrate held on tiie stage of another 
side is exposed contiolling tiie location of the stage of anotiier side based on tiie measurement result of tiie 
3rd lengtii measurement shaft when searching for tiie physical relationship of tiie projection location of tiie 
partem image oftiie mask by projection optics, and tiie reference mark on tiie stage of another side Even it 
tiie 4th lengtii measurement shaft which had managed tiie location of the stage of another side serves as 
measurement impossible when tiie physical relationship is searched for after searching for the physical 
relationship of the mark on tiie induction substrate held on tiie stage of anotiier side, and tiie reference mark 
on tiie stage oftiie anotiier side It becomes possible to position an induction substrate in an exposure 
location witii high precision in tiie case of exposure, wifliout any un-arranging ansmg. ^ *u * 

[00551 In tiiis case, as for said control means (90), it is desirable like invention accordmg to claim 9 tiiat the 
stage of said anotiier side is positioned and it is made to exchange an induction substrate after exposure ot 
die induction substrate held on tiie stage of said anotiier side so tiiat tiie reference mark on tiie stage of said 
another side may enter in the detection field of said alignment system. 

[00561 Since substrate exchange on tiie stage of anotiier side is performed by tiie confrol means where the 
reference mark on tiie substrate stage of another side is positioned in tiie detection field of an alignment 
system when doing in tiiis way, alignment initiation actuation and exchange of an mduction substrate can be 
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performed by the quiescent state of a substrate stage. Furthermore, since it becomes possible to perform 
actuation of iie time amount Tl, the time amount T2, and time amount T3 which were explained previously 
by the substrate stage side of another side in addition to the transit time of the substrate stage from a 
substrate exchange location to an alignment starting position serving as zero, and to operate time amount T 
four by one substrate stage side, improvement in a throughput is possible. 

r0057] Moreover, when detecting the reference mark on the stage of said another side by said aligranent 
system, you may make it reset the measurement value of the 4th length measurement shaft of said 
interferometer systems like invention according to claim 1 0 in this case. 

[0058] Invention according to claim 1 1 is a projection aligner which carries out projection exposure of the 
Lage of the pattem formed in the mask (R) on an induction substrate (W) through projection op^cs (PL)^ 
Hold an induction substrate (Wl) and the movable 1st substrate stage (WSl) and; induction substoa^e (W2) 
are held for the inside of a two-dimensional flat surface. The inside of the same flat surface as said 1 st 
substrate stage (WSl) Said 1st substrate stage Said projection optics (PL) is established "^^^^^dentl^^^^ 
2nd substrate stage (WS2) where (WSl) is independently movable, and; - Ae earner system. (180-200) and, 
which deliver an induction substrate between said 1st substrate stage (WSl) and said 2nd substrate stage 
(WS2) - The reference mark on said substrate stage And the mark on the induction substeate held on said 
substrate stage The alignment system for detecting (for example. 24a); while one stage of said 1st substrate 
stages (WS 1 ) and said 2nd substrate stages (WS2) delivers an induction substrate between said earner 
system (180-200) It has the control means (90) which controls said two substrate stages so tiiat the stage of 
Mother side performs exposure actuation. This control means (90) When one [ said ] f S^/^^l;^^^^^. . 
induction substrate between said carrier system, it is characterized by contro ling one [ said ] stage so that 
the reference mark on one [ said ] stage enters in the detection field of said alignment system^ 
[0059] According to this, actuation of both stages is controlled so that the stage of another side performs 
exposure actuation by the control means, while one stage of the 1st substrate stage and the 2nd substrate 
stages delivers an induction substrate between carrier system. Therefore, parallel processing of actuation of 
the time amount Tl explained previously and the actuation of time amount T four can be carried out. 
Moreover, a control means can perform the location measurement of a reference mark and the exchange of 
an induction substrate which are alignment initiation actuation since a stage is controlled so that the 
reference mark on one stage enters in the detection field of an alignment system m while when one stage 
delivers an induction substrate between carrier system by the quiescent state of a substrate stage_ 
Furthermore, it becomes possible to perform actuation of the time amount Tl , ttie « ^2,^^ tim^ 

amount T3 which were explained previously by one substrate stage side m addition to the transit time of toe 
substrate stage from a substrate exchange location to an alignment starting position servmg as zero and to 
operate time amount T four by the substrate stage side of anotoer side. Therefore, it becomes possible to 
raise a throughput compared with the conventional sequential processing in which time amount 
(T1+T2+T3+T four) was required. 
[0060] 

[Embodiment of the Invention] . . , i • u^^^a 

<< - 1st operation gestalt» - the 1st operation gestalt of this invention is hereafter explained based on 

drawing 1 thru/or drawing 15 . . i • u * 

[0061] The oufline configuration of toe projection aligner 10 concerning 1 operation gestalt is shown m 
drawing 1 . This projection aligner 10 is a projection aligner of toe scan exposure mold of so-called step - 

and - scanning method. , , _ . . m^^^r^o 

[0062] The 1st by which toe base board 12 top is held, respectively and this projection aligner 10 moves 
ndependently toe wafers Wl and W2 as an induction substrate in toe two-dimensional direction in it, stage 
equipment equipped wito toe wafer stages WSl and WS2 as 2nd substrate stage. The retic e R as a mask m 
the upper part of toe projection optics PL arranged above this stage equipment and projechon optics PL A 
predetermined scamUng direction mainly. Here, it has toe control system which controls the reticle dnve 
driven to Y shaft orientations (toe space rectangular cross direction m drawmg 1 ), toe lUummaUon system 
which illuminates Reticle R from toe upper part, and toese each part. • ♦i^Wo 

[0063] said stage equipment carries out surfacing support through a non-illustrated air beanng on toe base 
board 12 - having - X shaft orientations (space longitudinal direction m drawin g 1 ), and Y shaft 
orientations (toe space rectangular cross direction in drawing 1 ) ~ becoming mdependent - two- 
dimensional - it has two movable wafer stages WSl and WS2, toe stage dnve system whi^hdnves toese 
wafer stages WS 1 and WS2, and toe interferometer systems which measure toe location of toe wafer stages 
WSl andWS2. 
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[0064] If this is explained further in full detail, the non-illustrated air pad (for example vacuum 
precompression mold air bearing) is prepared in the base of wafer stages Zli^t^^lT.l^'^^^^ 
places, and where spacing of several microns is maintained by balance of air ********** of this air pad, 
and a vacuum precharge pressure, surfacing support is carried out on the base board 12. 

[0065] On the base board 12. as shown in the top view of drawing 3 , the X-axis linear guides (for example, 
a thing like the fixed side magnet of the so-called linear motor of a moving coil type) 122 and 24 of two 
prolonged in X shaft orientations are formed in parallel, and two movable migration members 114 and 1 1 8 
each ^d 1 16 and 120 are attached along with the X shaft each linear guide concwned at th^e X-«as linear 
guides 122 and 124, respectively. Tht non-illustrated drive coil is attached in die bottom surface part of 
aTese four migration members 114, 118. 116, and 1 20. respectively so that the X-axis Imear guide 122 or 
124 may be sSrounded from the upper part and the side, and the Unear motor of the moving coU type which 
irive^ each migration members 1 ufl 16. 1 1 8, and 1 20 to X shaft orientations is constitutod by Aese dnve 
coils, the X-axis Unear guide 122. or 124, respectively. However, m the following explanation, the above- 
mentioned migration members 114. 116, 118. and 120 shall be called an X-axis linear motor for 

fSo66]X^ong these, two X-axis linear motors 1 14 and 1 16 are formed in J« botii ends of the Y-a«s linear 
Ude (for ex^ple, a thing like the fixed side coil of the linear motor of a ^USmC^U ma^et mold) 110 
prolonged in Y shaft orientations, respectively, and remaimng two X-axis linear niotors 118 and 120 are 
being fixed to the both ends of the same Y-axis linear guide 112 prolonged in ^ shaft onentetions^ 
Therefore, the Y-axis linear guide 1 10 is driven along with the X-axis linear guides 122 and 124 wi^^ the X- 
axis lineal motors 1 14 and 116. and drives the Y-axis linear guide 1 12 along with the X-axis Imear guides 
122 and 124 with the X-axis linear motors 1 18 and 120. - ^ ■ ,• .-^^ 1 1 n 

[0067] On the other hand, the magnet which is not illustrated [ which surrounds one Y-axis linear guide HO 
from tiie upper part and the side ] is prepared in the pars basilaris ossis occipitahs of the wafer stage WS 1 . 
and the linear motor of the MUBINGU magnet mold which drives the wafer stage WS 1 to Y shaft 
orientations with this magnet and the Y-axis linear guide 1 10 is constitiited. Moreover, the ma^iet wluch is 
not illustrated [ which surrounds the Y-axis linear guide 1 12 of another side from die upper part and the 
side ] is prepared in the pars basilaris ossis occipitalis of the wafer stage WS 2, and the linear motor of the 
MUBINGU magnet mold which drives the wafer stage WS 2 to Y shaft onentations with this magnet and 
the Y-axis linear guide 112 is constituted. 

[0068] That is, the stage drive system which carries out independently XY two-dimensional dnve of the 
wafer stages WSl and WS2 with the magnet which is not illustrated [ of the X-axis Imear guides 122 and 
124 mentioned above, the X-axis linear motors 1 14, 1 16, 1 18. and 120, the Y-axis linear guides 1 10 and 1 12 
and the wafer stage WS 1, and WS2 pars basilaris ossis occipitalis ] consists of these operation gestalten. 
This stage drive system is conti-oUed by the stage contirol unit 3 8 of drawin g ! . j 1 1 ^ „f „ 

[0069] In addition, it is carrying out adjustable [ of the torque of the X-axis Imear motors 1 14 and 1 16 of a 
pair prepared in the both ends of the Y-axis linear guide 1 10 ] a little, and it is also possible to make the 
waf^ stege WS 1 generate very small yawing, or to remove on it. It is siimlarly carrying out adjustable [of 
Z torqufof the X-axis linear motors 1 18 and 120 of a pair prepared in the both ends of the Y-axis linear 
guide 1 12 ] a Httle, and it is also possible to make the wafer stage WS 2 generate very small yawing, or to 
n it 

[OOToTon said wafer stages WS [ WS 1 and ] 2, wafers W 1 and W2 are being fixed by vacuum adsoHrtion 
etc. through the non-illustrated wafer holder. The minute drive of the wafer holder is earned out by Ae non- 
illustrated Z-theta drive in Z shaft orientations and the direction (hand of cut of the circumference of the Z- 
axis) of theta which intersect perpendicularly with XY flat surface. Moreover, it is mstaUed in the top face 
of tiie wafer stages WSl and WS2 so that the reference mark plates FMl and FM2 with which vanous 
reference marks were formed may become the respectively ahnost same height as wafers W 1 and W2^ 
These reference mark plates FMl and FM2 are used in case the criteria location of for example, each wafer 

[Oofl] MorTov^^^ the field 20 by the side of the X shaft orientations 1 of the wafer stage WS 1 (left lateral in 
drawing 1 ) and the field 21 by the side of the Y shaft orientations 1 (field by Ae side of tiie space back in 
drawing 1 It is the reflector where mirror plane finishing was made, and *e ^dd (ngh^^^^^ '^^T^V 
1)22 of a side besides X shaft orientations of the wafer stage WS 2 and the field 23 by tiie side of one of Y 
Ihaft orientations are the reflector where mirror plane finishing was made similarly By bemg projected on 
the interferometer beam of each length measurement shaft which constitutes the mterferometer systems 
mentioned later, and receiving the reflected light with each interferometer, to these reflectors, the vanation 
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rate from the criteria location (generally a fixed mirror is arranged on a projection optics side face and the 
side face of alignment optical system, and let that be a datum plane) of each reflector is measured, and, 
thereby, the two-dimensional location of the wafer stages WSl and WS2 is measured, respectively. In 
addition, the configuration of the length measurement shaft of interferometer systems is explamed m fiill 

fo072]'Ssaid projection optics PL, it consists of two or more lens element wWch has the common optical 
Lis of Z shaft orientations, and the contraction scde factor predetermined by the both-si^^^^ 

rucksack, for example, the dioptric system which has 1/5. is used here. For this reason, the passmg speed of 
the scanning direction of the wafer stage at the time of scan exposure of step - and - scanmng method is set 
to one fifth of the passing speed of a reticle stage. . . , , ^ • 

r00731 The alignment systems 24a and 24b of the off-axis (off-axis) method which had the sanie fonction m 
the both sides of X shaft orientations of this projection optics PL as shown in drawing 1 are mstalled in the 
location which only the same distance separated from the optical-axis core (the projection core of a reticle 
pattern image, and coincidence) of projection optics PL, respectively. These aliment systems 24a and 24b 
have three kinds of alignment sensors, a LSA (Laser Step Alignment) system a FIA (Filed hnage 
Alignment) system, and a LIA (Laser Interferometric Alignment) system, and it is possible to perform X ot 
the reference mark on a reference mark plate and the alignment mark on a wafer and location measurement 

of the Y two-dimensional direction. . 
[00741 Here, a LSA system irradiates a laser beam at a mark, is flexible sensor that me^ures a mark 
location using diffraction and the scattered light, and is used for a broad process wafer froni the former. A 
FIA system illuminates a mark with broadband (broadband) light, such as a halogen lamp, by c^r>^g out 
the image processing of this mark image, is a sensor which measures a mark location and is used effective m 
the uns^etrical mark on an aluminum layer or the front face of a wafer. Moreover, a LIA syst^ makes 
the two diffracted hghts which irradiated the laser beam which changed the frequency into the diffraction- 
grating-like mark slightly from the 2-way, and were generated interfere, is a sensor which detects the 
positional information of a mark from the phase, and is used effective m a low level difference or a surface 

[007?f wTtti this operation gestalt, these three kinds of aUgnment sensors are properly used according to the 
purpose suitably, and the so-called search alignment which detects the location of ttie single dimension mark 
of tiiree points on a wafer, and performs outline location measurement of a wafer, fine alignment which 

performs exact location measurement of each shot field on a wafer are performed. 

[0076] In this case, alignment system 24a is used for location measurement of the reference mark formed on 
[he aligmnent mark on the wafer Wl held on the wafer stage WS 1, and the reference mark plate FM 1 etc. 
Moreover, alignment system 24b is used for location measurement of the reference mark fonned on tiie 
aligmnent mark on the wafer W2 held on the wafer stage WS 2, and tiie reference mark plate FM 2 etc. 
[00771 A/D conversion of the information from each alignment sensor which constitiites these aliment 
systems 24a and 24b is carried out by the aligmnent contiol device 80. data processing of the digitized wave 
signal is carried out, and a mark location is detected. This result is sent to a mam control unit 90, ^d ttie 
sjmchronous location amendment at the time of exposure etc. is directed from a mam conti-ol umt 90 to a 
stage contiol unit according to that result. ,<^ r-.t.- „<.ctoU 

[0078] Furthermore, although illustration was omitted at drawing 1 m the aligner 1 0 of tfus operation gestalt 
As [ show / at drawing 5 / above Reticle R ] Projection optics PL is minded. As a mark location detection 
means of the pair which consists of the TTR (Through The Reticle) aligmnent optical system using the 
exposure wavelength for observing the reticle mark on Reticle R (iUustiation abbreviation), and the mark on 
the reference mark plates FM [ FMl and ] 2 to coincidence The ** reticle ali^«ni™^^°^"»P^.1^2 and 
144 are formed. The detecting signal of these reticle aligmnent microscopes 142 and 144^s supphed to a 
main control unit 90. In this case, if the deviation mirrors 146 and 148 for leading the detection light from 
Reticle R to the reticle alignment microscopes 142 and 144. respectively are arranged free [ migration ] and 
an exposure sequence is started, the deviation mirrors 146 and 148 will shunt witti a non-illustrated min-or 
driving gear under the command from a main contiol unit 90, respectively. In addition, since it is indicated 
by JP,7- 176468, A etc., a configuration equivalent to the reticle alignment microscopes 142 and 144 is 

omitted about detailed explanation here. . • j „ ♦ ^nr- 

[0079] Moreover, although iUustiation was omitted in drawing 1 , as shown in drawing 4 , ttie automatic 
focus / auto leveling measuring machine styles 130, 132, and 134 for investigating a focus location 
(henceforth a "AF/AL system") are formed in each of projection optics PL and the alignment systems24a 
and 24b. In order for the AF/AL system 132 to imprint the pattern on Reticle R correctly on a wafer (Wl or 
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W2) by scanning exposure among this From the pattem formation side on Reticle R and the exposure side of 
Wafer W being conjugate about projection optics PL It is prepared in order to detect whether the exposure 
side of Wafer W has agreed within the limits of the depth of focus in the image surface of projection optics 
PL (is it focusing or not?). With this operation gestalt, the so-called multipoint AF system is used as an 
AF/AL system 1 32. 

[0080] Here, the detail configuration of the multipoint AF system which constitutes this AF/AL system 132 

is ^vplained based on drawing 5 and drawing .6 • lei u- u 

[0081] This AF/AL system (multipoint AF system) 132 consists of exposure optical system 151 which 
consists of an optical fiber bundle 1 50, a condenser lens 1 52, the pattem formation plate 1 54, a lens 1 56 a 
mirror 158, and the exposure objective lens 160, and condensing optical system 161 which consists of the 
condensing objective lens 162, the hand-of-cut diaphragm 164, the image formation lens 166, and an electric 

eye 168, as shown in drawing 5 • , *t7 * \ 

[0082] Here, above-mentioned each part of a configuration of this AF/AL system (multipomt AF system) 

132 is explained with that operation. r- wi 

[0083] The illumination light of wavelength which does not expose the photoresist on a different water Wl 
(or W2) from the exposure light EL is drawn through an optical fiber bundle 150 from the source of tne 
illumination Hght which is not illustrated, and the illumination light injected from this optical fiber bundle 
1 50 illuminates the pattem formation plate 154 through a condenser lens 152. The lUuminataon hght which 
penetrated this pattem formation plate 154 is projected on the exposure side of Wafer W through a lens 156, 
a mirror 1 58, and the exposure objective lens 1 60, and projection image formation of the image of the 
pattem on the pattem formation plate 154 is aslant carried out to an optical axis AX to the exposure side ot a 
wafer Wl (or W2). The illumination Ught reflected with the wafer Wl is projected on the hght-receivmg 
side of an electric eye 1 68 through the condensing objective lens 1 62, the hand-of-cut diaphragni 1 64, and 
the image formation lens 166, and re-image formation of the image of the pattem on the pattem formation 
plate 1 54 is carried out to the light-receiving side of an electiic eye 168. Here, a main contiol unit 90 
supplies the detecting signal from many (specifically, it is the slit pattem and the same number of the pattem 
formation plate 154) photo detectors of an electiic eye 168 to a signal processor 170 while giving a 
predetermined vibration to the hand-of-cut diaphragm 164 through excitation equipment 172. Moreover, a 
signal processor 170 supplies the focal signal of a large number which carried out the synchronous detection 
of each detecting signal, and obtained it with the driving signal of excitation equipment 172 to a mam 
control unit 90 through the stage confrol unit 38. • 1 1 * 

[0084] In this case, as shown in the pattem formation plate 154 at drawing 6 , the opemng pattem ^3-1 1 to 
93-59 of the shape of a sUt of the 5x9=45 piece vertical direction is formed, and the image of the opening 
pattem of the shape of tiiese slit is projected aslant (45 degrees) to the X-axis and a Y-axis on the exposure 
side of Wafer W. Consequently, tiie slit image of the matiix arrangement which inclined at 45 degrees to tiie 
X-axis and a Y-axis as shown in drawing 4 is formed. In addition, the sign IF in drawing 4 shows the 
lighting field on tiie reticle illuminated by the illumination system, and the lighting field on a wafCT [ ]. 
The beam for detection is irradiated by two-dimensional sufficientiy larger area than tiie lighting field IF 
under projection optics PL so that clearly also from this drawing 4 . 

[0085] The other AF/AL systems 130 and 134 as well as tiiis AF/AL system 132 are constituted. That is, 
with this operation gestalt, it has composition which can irradiate a detection beam also according to tiie 
AF/AL devices 130 and 134 in which it is used at the time of measurement of an ahgnment mark of tiie 
almost same field as tiie AF/AL system 132 used for tiie focal detection at tiie time of exposure. For tins 
reason highly precise alignment measurement is attained by performing location measurement of an 
alignment mark, performing tiie automatic focus / auto leveling by measurement of the same AF/AL system 
as ttie time of exposure, and contiol at ttie time of measurement of tiie alignment sensor by tiie alignment 
systems 24a and 24b. If it puts in anotiier way, tiie offset (error) by tiie postiire of a stage will not occur 
between the times of exposure and alignment. 

[0086] Next, a reticle drive is explained based on drawin g 1 and drawing 2 . 

[0087] This reticle drive is equipped witii tiie linear motor which is not illustiated [ which holds Reticle K 
for the reticle base board 32 top, and drives tiie movable reticle stage RST and tiiis reticle stage RST in tiie 
two-dimensional direction of XY ], and tiie reticle interferometer systems which manage ttie location ot tins 

reticle stage RST. . o 

[0088] When tiiis is explained fiirttier in fiiU detail, in a reticle stage RST As shown m drawmg 2 , tiie 
reticles Rl and R2 of two sheets can install now in tiie scanning direction (Y shaft orientations) at a senal. 
This reticle stage RST Surfacing support is carried out on tiie reticle base board 32 tiurough a non-iUustiated 
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pneumatic bearing etc., and minute rotation of the minute drive of X shaft orientations and the direction of 
theta and the scan drive of Y shaft orientations are made by the drive 30 (refer to drawing 1 ) which consists 
of a non-illustrated Unear motor etc. In addition, although a drive 30 is a device which makes a driving 
source the same linear motor as the stage equipment mentioned above, by drawing 1 , illustration reaches for 
convenience and it is shown as a mere block from on [ of explanation ] expedient. For this reason, in case 
the reticles Rl and R2 on a reticle stage RST are double exposure, it is used alternatively, and it has 
composition which can carry out a synchronous scan a wafer side also about which reticle. 
[0089] The parallel monotonous migration mirror 34 which changes from the same materials (for example, 
ceramic etc.) as a reticle stage RST tp the edge by the side of one of X shaft orientations on this reticle stage 
RST is installed by Y shaft orientations, and the reflector is formed in the field by the side of one of X shaft 
orientations of this migration mirror 34 of mirror plane processing. The interferometer beam from the 
interferometer shown by length measurement shaft BI6X which constitutes the interferometer systems 36 of 
drawing 1 towards the reflector of this migration mirror 34 is irradiated, and the location of a reticle stage 
RST is measured in the interferometer by receiving that reflected light and measuring the relative 
displacement over a datum plane like.a wafer stage side. Here, the interferometer which has this length 
measurement shaft BI6X has two independently measurable interferometer opticals axis in fact, and location 
measurement of X shaft orientations of a reticle stage and measurement of the amount of YOINGU are 
possible for it. The interferometer which has this length measurement shaft BI6X is used in order to carry 
out the roll control of the reticle stage RST to a reticle in the direction which cancels relative rotation 
(rotational error) of a wafer based on the yawing information and X positional information of the wafer 
stages WSl and WS2 from interferometers 16 and 18 which have length measurement shaft BIIX by the 
side of the wafer stage mentioned later, and BI2X or to perform the direction synchronousr control of X. 
[0090] On the other hand, the cube-comer-reflector mirrors 35 and 37 of a pair are installed in the side 
(space near side in drawing 1 ) besides Y shaft orientations which are scanning directions (the scanning 
direction) of a reticle stage RST. As opposed to the double pass interferometer of a non-illustrated pair to 
these cube-comer-reflector mirrors 35 and 37 to drawing 2 And length measurement shaft BI7Y, The 
interferometer beam shown by BI8Y is irradiated, and it is returned to the reflector on the reticle base board 
32 from the cube-comer-reflector mirrors 35 and 37. Then, each reflected reflected light is received with 
return and each double pass interferometer in the same optical path, and the relative displacement from the 
criteria location (it is a reflector on said reticle base board 32 at a reference position) of each cube-comer- 
reflector mirror 35 and 37 is measured. And flie measurement value of these double pass interferometers is 
supplied to the stage control device 38 of drawing 1 , and the location of Y shaft orientations of a reticle 
stage RST is measured based on the average value. The information on this Y shaft-orientations location is 
used for the reticle of calculation of the relative position of the reticle stage RST and the wafer stages WS 
and WS 1 2 based on the measurement value of an interferometer which has length measurement shaft BI3Y 
by the side of a wafer, and the scanning direction at the time of the scan exposure based on this (Y shaft 
orientations), and the synchronousr control of a wafer. 

[0091] On the other hand, the cube-comer-reflector mirrors 35 and 37 of a pair are installed in the side 
(space near side in drawing 1 ) besides Y shaft orientations which are scanning directions (the scanning 
direction) of a reticle stage RST. As opposed to the double pass interferometer of a non-illustrated pair to 
these cube-comer-reflector mirrors 35 and 37 to drawing 2 And length measurement shaft BI7Y, The 
interferometer beam shown by BI8Y is irradiated, and it is returned to the reflector on the reticle base board 
32 from the cube-comer-reflector mirrors 35 and 37. Then, each reflected reflected light is received with the 
double pass interferometer of each retum in the same optical path, and the relative displacement from the 
criteria location (it is a reflector on said reticle base board 32 at a reference position) of each cube-comer- 
reflector mirror 35 and 37 is measured. And the measurement value of these double pass interferometers is 
supplied to the stage control device 38 of drawing 1 , and the location of Y shaft orientations of a reticle 
stage RST is measured based on the average value. The information on this Y shaft-orientations location is 
used for the reticle of calculation of the relative position of the reticle stage RST and the wafer stages WS 
and WS 1 2 based on the measurement value of an interferometer which has length measurement shaft BI3Y 
by the side of a wafer, and the scanning direction at the time of the scan exposure based on this (Y shaft 
orientations), and the synchronousr control of a wafer. 

[0092] That is, reticle interferometer systems are constituted from this operation gestalt by the double pass 
interferometer of a pair shown by the interferometer 36 and length measurement shaft BI7Y, and BI8Y. 
[0093] Next, the interferometer systems which manage the location of the wafer stages WSTl and WST2 
are explained, referring to drawing 1 thru/or drawing 3 . 
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[0094] As shown in these drawings, the projection core and alignment system 24a of projection optics PL, 
The 1 st shaft (X-axis) passing through each detection core of 24b is met. In the field by the side of the X 
shaft orientations 1 of the wafer stage WS 1 The interferometer beam shown by 1 st length measurement 
shaft BIIX from the interferometer 16 of drawjngJ. is irradiated, and the interferometer beam shown by 2nd 
length measurement shaft BI2X from the interferometer 18 of drawing 1 is similarly irradiated by Ae field 
of a side besides X shaft orientations of the wafer stage WS 2 in accordance with the 1st shaft. And m 
interferometers 1 6 and 1 8, by receiving these reflected lights, the relative displacOTient from Ae cntena 
location of each reflector is measured, and X shaft-orientations location of the wafer stages WSl and WS2 is 
measured. Here, as shown in drawing 2 , interferometers 16 and 18 are 3 shaft interferometers which have 
three opticals axis each, and tilt measurement and theta measurement are possible for them in addition to 
measurement of X shaft orientations of the wafer stages WSl and WS2. The output value of each optacal 
axis can be independently measured now. Here, since Z and the leveling stage which is not illustrated 
[ which performs a minute drive and inclination drive of theta stage which is not illustrated / which performs 
theta rotation of the wafer stages WSl and WS2 /, and Z shaft orientations ] are under a reflector m fact, it 
can act as the monitor of all the amounts of drives at the time of tilt control of a wafer stage with these 

interferometers 16 and 18. , ^t-.tiv j i j i ^i, 

[00951 In addition, each interferometer beam of 1st length measurement shaft BIIX and 2nd length 
measurement shaft BI2X The wafer stages WS 1 and WS2 are always hit [ therefore ] throughout the 
successive range of the wafer stages WSl and WS2. About X shaft orientations The location of the wafer 
stages WSl and WS2 is managed also based on the measurement value of 1st length measurement shaft 
BIIX and 2nd length measurement shaft BI2X or the times of any, such as the time of use of the ahgnment 
systems 24a and 24b, at the time of the exposure using projection optics PL. 

[0096] Moreover, the interferometer which has 3rd length measurement shaft BI3Y which crosses at n^t 
angles to the 1st shaft (X-axis) focusing on projection of projection optics PL as shown in drawing 2 and 
drawing 3 , The interferometer which has length measurement shaft BI4Y as the 4th length measurement 
shaft which intersects the 1 st shaft (X-axis) at a perpendicular focusing on each detection of the ahgnment 
systems 24a and 24b, respectively, and BI5Y. respectively is formed (however, only the length measurement 

shaft is illustrated all over drawing). . r-w r^u r 

[0097] In the case of this operation gestalt, for the direction location measurement of Y of the wafCT stages 
WSl and WS2 at the time of the exposure using projection optics PL The measurement value based on [ ot 
projection optics ] projection (i.e., the interferometer of length measurement shaft BI3Y which passes an 
optical axis AX) is used. For the direction location measurement of Y of the wafer stage WS 1 at the time of 
use of alignment system 24a The detection core of alignment system 24a, i.e., the measurement value ot 
length measurement shaft BI4Y which passes an optical axis SX, is used. For the direction location 
measurement of Y of the wafer stage WS 2 at the time of alignment system 24b use The detection core of 
alignment system 24b, i.e., the measurement value of length measurement shaft BI5Y which passes an 

optical axis SX, is used. ^ , * „t,oA 

[00981 Therefore, according tb each service condition, although the interferometer length measurement shaft 
of Y shaft orientations will separate from the reflector of the wafer stages WSl and WS2, since it does not 
separate from at least one length measurement shaft, i.e., length measurement shaft BIIX and BI2X from 
the reflector of each wafer stage WS 1 and WS2, the interferometer optical axis to be used can reset the 
interferometer by the side of Y in the proper location which entered on the reflector. The reset approach ot 
this interfCTometer is explained in fiiU detail behind. ^ . , ^ v 

[0099] In addition, each interferometer of length measurement shaft BI3Y for the above-mentioned Y 
measurement, BI4Y, and BI5 Y is a biaxial interferometer which has two opticals axis each, and tUt 
measurement is possible for it in addition to measurement of Y shaft orientations of the wafer stages WSl 
and WS2 [01 00] which has been alike and become so that the output value of each optical axis can be 
measured independently The interferometer systems which manage the two-dimensional coordmate location 
of the wafer stages WS 1 and WS2 are constituted from this operation gestalt by a total of five 
interferometers of three interferometers which have interferometers 16 and 18 and length measurement shaft 

BI3Y, BI4Y, and BI5Y. ^ . . 

[0101] Moreover, with this operation gestalt, while one side of the wafer stages WSl and Wb2 is 
performing the exposure sequence, another side performs wafer exchange and a wafer alignment sequence, 
so that it may mention later, but based on the output value of each interferometer, migration of the water 
stages WS 1 and WS2 is managed by the stage control device 38 according to the command of a mam 
control unit 90 so that there may be no interference of both stages in this case. 
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[0102] Next, an illumination system is explained based on drawing • ™^i"r?4t°L'^lsX^^ 
the exDOSure light source 40, a shutter 42, a mirror 44, the beam expanders 46 and 48, the 1st fly eye lens 
to Xs^2, ihe oscillating mirror 54, a lens 56, the 2nd fly eye lens 58, a lens 60. the fixed blmd 62. a 
movable blind 64 a relay lens 66, and 68 grades, as shown m drawm g 1 . , . , -.v * 

5l03]^^^^^^ each part ofa configuration of this illumination system is explamed w.th that 

fomf After the laser beam injected from the light source section 40 whid; ^"^^I^^'etT^'S^^^^^ a 
which is the light source, and extinction systems (an extinction plate, aperture diaphragm, etc ) penetrates a 
^uSer 42 a mlr^^r ^^^^^ it is orthopedically operated by the suitable be^m diameter with Ae b«m 
exprders 46^" 48, and incid;nce of it is carried out to the 1st fly eye lens 50 The flux of Ugh by jhi^^^ 
SS^nce was carried out to this 1st fly eye lens 50 is divided into two ^^^^ ^^^^e 
of the flv eve lens arranged two-dimensional, and incidence is earned out to the 2nd fly eye lens 58 trom me 
Lctde Lgle Tom which each flux of light differed again wi^ ttie lens 52. ttie osciUaUng t^^^^ 5^ jd^e 
ens 56 The flux of hght injected from this 2nd fly eye lens 58 With a lens 60, the fixed blind 62 installed m 
Reticle R and the location [ **** ] is reached. After the cross-section configuration is specified m a 
l^:.Ll^TZS^Jn here^the movable blind 64 arrange! in the ^o-tion 
conjugation side of Reticle R is passed, and it passes through relay lenses 66 and 68. As unifonn 
mSation light The rectangle slit-like lighting field lA (refer to drawing 2 ) is lUummated here [ flie^ 
p S^inXnfigurationLd here ] where it was specified with the above-mentioned fixed blmd 62 on 



miOslNext a control system is explained based on drawing 1 . This control system consists of the li^t 

Ixposle" n^^^ devici 70 and stage control-device 38 grades which the subord^^^^^^ 

unit 90 has centering on the main control unit 90 as a control means which controls the whole equipment m 

H^e° tiie actuation at the time of exposure of the projection aligner 10 applied to this operation 
Les^t focusing on actuation of above-mentioned each part of a configuration of a control system is 

rm it^Direct the Hght exposure control device 70 to the shutter driving gear 72, it makes flie shutter 
mechiical component 74 drive, before a synchronous scan with Reticle R and a wafer (Wl or W2) is 

S'i!roryn1^^^^^ of a main control unit 90, the s,.chr^ous l^^^^^^^^^'^' 
Reticle R Wafer (Wl or W2) RST, i.e., a reticle stage, and a wafer stage (WSl or WS2) is started by me 
^Sf confrdSsS This synchronous scan is performed by controlling each linear motor which 
con's titutTL^^^^^ system of'The reticle mechanical component 30 and a -^f-^^^f^^^^^^ 
device 38 carrying out the monitor of the measurement value of length measurement shaft BI6X to lengm 
t;" eL™BXf length measurement shaft BI3Y of the interferometer systems mentioned above, 
i*.ntTth Tnea«iurement shaft BIIX or BI2X, and reticle interferometer systems, and . 

o"o^l^dXn to^^^ of boti the stages is carried out within a predetermined allowable error, it 
direct] to the W^Sunit 76, and pulse luminescence is made to start in the light exposure control umt 
70 ^Se liSitinTfieW lA o^ r;ctangle of the reticle R by which the chromium vacuum evaporationo of 
Z ^n^Z^^A oS^murmn^ild by this by the illumination Ught from an illumination sys^ on ttie 
h^ferior^re oftongue the image of the pattern in the lighting field is reduced by projection optics PL by 

mZ:XT;r^^SS:e.,os^c fs carried'out on the wafer (Wl or W2) 

applied to the front face. Here, compared with the pattern space on a reticle, the ^^^^ wid* of Ae sc^^^ 
direction of the lighting field lA is narrow, it is carrying out the synchronous scan of Reticle R and the water 
(wTor W^^^^^^ and sequential formation of the image of the whole surface of a pattern is 

carried out to the shot field on a wafer so that clearly also from drawing 2 . ,1,^1: „i,* 

miO] Here to the initiation and coincidence of pulse luminescence which were mentioned above ^eli^t 
exposure control unit 70 Until direct to the mirror driving gear 78, it makes the oscd ating mirror 54 drive 
S mTpattem space on Reticle R passes through the lighting field lA (refer to drawug^ ^^"1^^^^'^^^ 
rnmiSrmit^reduction of the interference fringe generated by two fly eye lenses 50 and 58 by 
perfo^ng this control continuously is performed until the image of the whole surface of a pattern is formed 



in the shot field on a wafer. ^nd the scan of Wafer W, drive control of the movable blind 

rOl 111 Moreover, synchromzing with Reticle Kane me scan 01 wdicr vv, uiivv ^o„^ct*.h hv 

64 is carried out by the blind control device 39, and such synchronous operation of ^ s^"^^^^^^^^^^ 

the stage control device 38 so that the illumination light may not leak dunng the above-mentioned scan 
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exposure outside the protection-from-light field on the reticle in the shot edge sectton. 
rOl 121 By the way. since it is necessary to carry out luminescence of the pulse luminescence by the laser 
Ltrol unit 76 mentioned above n times (for n to be a positive integer) while the pomt of Ae arbitration on a. 
wafer Wl and W2 passes lighting field width (w). if it sets an oscillation frequency to f and wafer scan 
speed is set to V, it needs to fill a degree type (2). 

MoIeov^rii'expos;;;:e^ of one pulse irradiated on a wafer is set to P and resist sensibility is set to E. it 
is necessary to fill a degree type. (3). 

S!u?lhf lil^t exposil^ontrol unit 70 calculates all about the good variate of the exposure energy P arid 
the o;cillation frequency f, and by controlling the extinction syst«n which issued ^^^^^/^^^^^ 
control unit 76. and was formed in the exposure Ught source 40. it carries out adjustable J of Ae ejo^^^ 
energy P and the oscillation frequency f ], or it is constituted so that the shutter dnvmg gear 72 and the 

^nS] FurrTeJfnT^ai: Z^tit 90. when, amending the migration starting position (synchronous 
location) of a reticle stage and a wafer stage which performs a synchronous scan at the tune of scannmg 
expos^e for example, lendment of the stage location according to the amount of amendments is directed 
to the stage control device 38 which carries out migration control of each stage. c u - u . 

[01 16] Fwthermore, in the projection aligner of this operation gestalt, the 1st carrier syst«n for which a 
wafer is exchanged between the wafer stages WS 1. and the 2nd carrier system which performs wafer 
exchange between the wafer stages WS 2 are formed. „ft^„to,T«c 
[01 17] As are shown in ^mingl , and the 1st carrier system is later mentioned between the wafe steges 
WS 1 in a left-hand side^^S^ding location, it performs wafer exchange. This 1st earner sys ^TT^e 1st 
unload arm 184 attached in the 1st loading guide 182 prolonged in Y shaft orientations, the 1st slider 186 
which iTes along with this loading guide 182 and tiie 2nd slider 1 90. and the l^^^^i^er 1 6 It c^^^^^^^^^ 
the 1st wafer loader constituted including the 1st load arm 188 grade attached m the 2nd shder 190, and Ae 
1st pin center,large rise 180 which consists of three vertical-movement members prepared on the wafer stage 



[0118] Here, actuation of the wafer exchange by this 1st carrier system is explained briefly. 
0119 Here as shown in drawing 7 . the case where it is exchanged m wafer Wl' on the wafer stage WS 1 
n a left-hand side wafer l^^diiijt^ation and the wafer Wl «,nveyed by ttie 1st -f^- l^^^er^^^^^ 
[0120] First, in a main control unit 90. the vacuum of the wafer holder which is not illustrated on the wafer 
Lge WS 1 is turned off through a non-illustrated switch, and adsorption of wafer Wl is canceled 
[0121] Next, in a main control unit 90, the specified quantity rise drive of the pm c«iter large nse 180 is 
Lried out through a non-illustrated pin center,large rise drive system. Thereby, wafer Wl is raised to a 
predetermined location. In this condition, migration of the 1 st unload arm 1 84 is supported to a non- 
fuustrated wafer loader control unit with a main control unit 90. By this, drive control of the If ^^^er 186 is 
carried out by the wafer loader control unit, the 1st unload arm 184 moves onto the wafer stage WS 1 along 
with the loading guide 182, and it is located just under wafer Wr. 

101221 In this condition, the downward drive of the pin center.large nse 1 80 is earned out to a 
predetermined location With a main control unit 90. Since wafer Wl' is received and Passed to the 1st unload 
Li 1 84 in the middle of descent of this pin center,large rise 1 80, m a mam confrol umt 90. vacuum 
initiation of the 1st unload arm 184 is directed to a wafer loader contirol device. Thereby, adsorption 
maintenance of wafer wr is carried out at the 1st unload arm 184. • .-^^ „f th^ 

Sl23] Next, in a main control unit 90. evacuation of the 1st unload arm 184 and migration initiation of the 

s load S 188 are directed to a wafer loader contiol unit. The 2nd slider 190 starts migration in tiie 
direction of +Y in one with tiie 1 st load ami 1 88 holding a wafer Wl at tiie s^e time the 1st unload arm 
184 starts migration in the direction of -Y of drawin&l in one with the 1st shder 186 by this And wh«i the 
1st loSl^ f88 comes above the wafer stage WS 1, while the 2nd slider 190 is stopped by the wafer loader 
control unit, the vacuum of tiie 1st load ann 1 88 is canceled. a * from 

[0124] The rise drive of tiie pin center.large rise 180 is earned out. and a wafer W l is njade to be Red from 
a lower part by tiie pin center.large rise 180 in a main contirol unit 90 m tins "^'L^^f ^^^^^/^"^^^^^^^ 
main control miit 90, evacuation of a load ann is directed to a wafer loader contiol umt. The 2nd slider 190 
starts migration in tiie direction of -Y in one witii tiie I st load ann 1 88 by tins, and evacuation of Ae 1 st oad 
ann 188 is perfonned. Witii a main contiol unit 90, start tiie downward dnve of tiie pm c^iter.l^ge nse 180, 
tiie wafer holder which is not illustrated on tiie wafer stage WS 1 is made to lay a wafer Wl . and tiie 
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vacuum of the wafer holder concerned is turned ON at evacuation initiation and coincidence of this 1st load 
arm 188. Thereby, a series ofsequences of wafer exchange are completed. 

[01251 Similarly the 2nd carrier system performs wafer exchange like **** between the wafer stages WS 2 
in a right-hand side wafer loading location, as shown in drawing 8 . This 2nd carrier system The 2nd unload 
arm 1 94 attached in the 3rd slider 1 96 which moves along with the 2nd loading gmde 1 92 prolonged m Y 
shaft orientations, and this 2nd loading guide 1 92 and the 4th slider 200, and the 3rd slider 1 96, " consists of 
the 2nd wafer loader constituted including the 2nd load arm 198 grade attached m the 4th shder 200. and the 
2nd pin center,large rise of un-illustrating [ which was prepared on the wafer stage WS 2 ]. 
[01 26] Next, based on^ssmgl and drawing 8 , parallel processing by two wafer stages which are the 
descriptions ofthis operation gestalt is explained. . r * wc i 

r01271 The top view in the condition that exchange of a wafer is performed between the wafer stage WS 1 
and the 1 st carrier system as mentioned above in the wafer W2 on the wafer stage WS 2 in the left-hand side 
loading location while performing exposure acmation through projection optics PL is shown in drawing 7 . 
In this case, on the wafer stage WS 1 , as it mentions later succeedingly to wafer exchange, aliment 
actuation is performed. In addition, in drawing 7 , position control of the wafer stage WS 2 under exposure 
actuation is performed based on the measurement value of length measurement shaft BI2X of mterferometer 
systems, and BI3 Y, and wafer exchange and position control of the wafer stage WS 1 where alignment 
actuation is performed are performed based on the measurement value of length measurement shaft BIIX ot 
interferometer systems, and BI4Y. . „ . . , ^i. u-^u 

[01281 In the loading location of the left-hand side shown in this drawing 7 , it is the arrangement by which 
the reference mark on the reference mark plate FM 1 of the wafer stage WS 1 comes just under aligninent 
system 24a (refer to drawing 9 (A)). For this reason, in the main control unit 90, before dignment systeni 
24a detects the reference mark MK2 on the reference mark plate FM 1, reset of the interferometer of length 
measurement shaft BI4Y of interferometer systems is performed. ^ ■ r f 

[01291 The situation of image incorporation which detects an example of the configuration ot a reterence 
mark MK2 and it by the FI A system sensor of alignment system 24a is shown m drawing 9 (B). In fliis 
drawing 9 (B), the cross-joint-like mark which Sign Sx shows the image incorporation range of CCD, and is 
shown with Sign M is an index in a FIA system sensor. Here, although only the image incorporation range 
of X shaft orientations is shown, of course, the image incorporation with the same said of Y shatt 

orientations is performed in fact. , , , ^ t-t a * ^u^ 

[01301 When the image of the mark MK2 of drawing 9 (B) is captured by the sensor of a FIA system, the 
wave signal acquired by the image-processing system in the alignment control unit 80 is shown in drawing 9 
(C) The location of the mark MK2 on the basis of an index core is detected in analyzing this wave signal in 
the alignment control unit 80. In a main control unit 90 Based on the location of said mark MO, and l«igth 
measuTement shaft BIIX and the measurement result of the interferometer of BI4Y, the coordinate location 
of the mark MK2 on the reference mark plate FM 1 in the system of coordinates (smtably henceforth the 
1 St stage system of coordinates") using length measurement shaft BI 1 X and BI4Y is computed. 
[0131] It continues at the wafer exchange mentioned above and reset of an interferometer, and search 
alignment is performed. Only in PURIARAIMENTO made during conveyance i:^^^^^^:^}'""^^ 
position error is large, the search alignment performed after the wafer exchange is PURIARAIMENTO 
again performed on the wafer stage WS 1 . The location of three search alignment marks (not shown) 
specifically formed on the wafer Wl laid on the stage WS 1 is measured using the sensor of the LSA system 
of alignment system 24a etc., and alignment of X of a wafer Wl, Y. and the direction of theta is perfornied 
based on the measurement result. Actuation of each part in the case of this search alignment is controlled by 

the main control unit 90. ,,,, u cr-A:^ 

[0132] Fine alignment which searches for the array of each shot field on a wafer Wl here using EGA is 
performed after termination of this search alignment. Specifically by interferometer systems (length 
measurement shaft BIIX, BI4Y) Carrying out sequential migration of the wafer stage WS 1 based on the 
shot array data on a design (alignment mark location data) managing the location of the wafer stage WS 1 
The alignment mark location of the predetermined sample shot on a wafer Wl is measured by the sensor of 
the FIA system of alignment system 24a etc., and all shot array data are calculated by the statistics operation 
by the least square method based on the design coordinate data of this measurement result and a shot array. 
Thereby, the coordinate location of each shot is computed on the above-mentioned 1 st stage system of 
coordinates. In addition, actuation of each part in the case of this EGA is controlled by the mam control umt 
90, and the above-mentioned operation is performed by the mam control unit 90. , ^ . 

[0133] And with a main control unit 90, the relative-position relation of each shot to a mark MK2 is 
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computed by subtracting the coordinate location of a reference mark MK2 mentioned above from the 

coordinate location of each shot. ^ . ^ <• / * 

[0134] Location measurement of an alignment mark is performed, performmg the automatic focus / auto 
leveling by measurement of the same AF/AL system 132 (refer to drawing 4 ) as the time of exposure, and 
control at the time of measurement by alignment system 24a, as mentioned above, and it can avoid 
producing the offset (error) by the posture of a stage between the times of alignment and exposure m the 

case of this operation gestalt. „ , •, * *. *: ^ 

101351 At the wafer stage WS 1 side, while the above-mentioned wafer exchange and alignnaent actuation 
are perfoimed, by the wafer stage WS 2 side, the reticles Rl and R2 of two sheets as shown in drawing 12 
are used, and double exposure is continuously performed by step - and - scanmng method, changing 

rof 36rReStive-po^tion-related calculation of each shot to a mark MK2 is specifically beforehand 
perfomied like the wafer Wl side mentioned above. This result. It is based on the result "[elative-position 
detection (this is explained in full detail behind) of the wafer side top projection image of the marte MKl 
and MK3 on the criteria arc plate FM 1 under the reticle alignment microscopes 144 and 142, and the marks 
RMKl and RMK3 corresponding to it on a reticle. Scanning exposure is performed by makmg a scanmng 
direction carry out the synchronous scan of a reticle stage RST and the wafer stage WS 2 at every exposure 
of each shot field, carrying out sequential positioning of the shot field on a wafer W2 at the optical-axis 

lower part of projection optics PL, ^ . , , , . 

[0137] The exposure to all the shot fields on such a wafer W2 continues also after reticle exch^ge, and is 
performed. As exposure sequence of concrete double exposure, as shown m drawing 13 (A) After 
performing sequential scan exposure for each shot field of a wafer Wl to A1-A12 usmg a reticle R2 (A 
pattern) In order of B1-B12 which are shown in drawing 13 (B), scanning exposure is performed after 
carrying out specified quantity migration of the reticle stage RST in a scanning direction using a drive 
system 30 and setting a reticle Rl (B pattern) as an exposure location. Since a reUcle R2 differs in exposure 
conditions (AF/AL, light exposure) or transmission from a reticle Rl at this time, it is necessary to measure 
each condition at the time of reticle alignment, and to change conditions according to that result. 
[0138] Actuation of each part in the double exposure of this wafer W2 is also controlled by the mam control 

[0139] When the direction of the wafer stage ended previously will be in a waiting state and both actuation 
ends the exposure sequence, and the wafer exchange and the alignment sequence which are performed in 
parallel on two wafer stages WS [ WSl and ] 2 shown in drawing 7 mentioned above, miration contiol of 
the wafer stages WSl and WS2 is carried out to the location shown in drawin g 8 . And as for the water W 1 
on the wafer stage WS 1 where wafer exchange was made by the right-hand side loading position, and the 
alignment sequence ended the wafer W2 on tiie wafer stage WS 2 which the exposure sequence ended, an 
exposure sequence is performed under projection optics PL. 

[01401 By the right-hand side loading position shown in drawing 8 , tiie reference mark MK2 on toe 
reference mark plate FM 2 will be positioned in the bottom of alignment system 24b as well as a left-hand 
side loading position, and the above-mentioned wafer exchange actuation and an alignment sequen<^ will be 
performed. Of course, the reset action of the interferometer which has length measurement shaft BI5Y ot 
interferometer systems is perfoimed in advance of detection of the mark MK2 on the reference mark plate 
FM 2 by alignment system 24b. , . ^« , r 

[0141] Next, the reset action of the interferometer by the main control umt 90 at tiie time of shifting to tiie 
condition of drawing 8 from tiie condition of drawing 7 is explained. , ^ , , ^ ^ v. - u*u 

[0142] Altiiough the wafer stage WS 1 is moved to tiie location (refer to drawing 10 (A)) to which the 
reference mark on the reference mark plate FM 1 comes just under tiie optical-axis A^ core (projection 
core) of ttie projection optics PL shown in drawing 8 after it performs alignment by tiie left-hand side 
loading position Since incidence of tiie interferometer beam of lengtii measurement shaft BI4Y will not be 
carried out to the reflector 21 of tiie wafer stage WS 1 in tiie middle of tiiis migration, it is difficult to move 
tiie wafer stage WS 1 to tiie location of drawing 8 immediately after alignment termination. For tins reason, 
ttie following works are carried out witii tius operation gestalt. , u j ^ i „^;r,o 

[0143] Namely, as explained previously, when tiie wafer stage WS 1 is located into a left-hand side loading 
position witii tills operation gestalt Since it is set up so tiiat tiie reference mark plate FM 1 may come just 
under alignment system 24a, and tiie interferometer of lengtii measurement shaft B14Y is reset this 
location Once return tiie wafer stage WS 1 to tiiis location, and it is based on tiie distance (referred to as BL 
for convenience) of tiie detection core of alignment system 24a and tiie optical-axis core (projection core) ot 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tian_web_cgi_ejje 6/29/2006 



JP,10-214783,A [DETAILED DESCRIPTION] 



Page 20 of 25 



moiection optics PL which are beforehand known from that location. Only distance BL moves tiie wafer 
SrWS no X shaf^^^^ right-hand side, carrying out the monitor of the measurement value of Ae 

Slmet^Y6 of length measurer^t shaft BIIX with which an int«f erometer beam does not go out. By 
ih\^ thp wafer staee WS 1 will be moved to the location shown in drawing . 

mmT/Id S a mrinSntrol u^t 90. as shown in drawing 10 (A), the reticle alignment microsoopes 144 
M2XforSi relative-position detection of the wafer side top projection image of Ae marks MKl ^d 
^] on tSrXence maSc plate FM 1, and the marks RMKl and RMK3 correspondmg to it on a reticle 

?ot45] m wi«X de top projection image of the mark RMK (RMKl RMK2) on Reti^^^R is shown in 

SSrE), and the Zk MK (MKl, MK3) on a reference mark Pl^J^^^^^Xt^^^n t^^^^^^ side 
S^the situation of image incorporation which detects the mark N«C (N«C1, MI^) ^^^^^ 
tooroiection image of the mark RMK (RMKl, RMK2) on Reticle R and ^^f^'-f"^?"^^'^.?^^ V?A^ at 
Sdenle is sho^ in the reticle ahgnment microscopes 144 and 142 m *e ^^ate of ii^^^^^^^^ 
T^no 10 (D^ In this dmwineiCl (D), Sign SRx shows the image mcorporation range of CCD which 
^Sif a^itide df^S^roscipe. The wave signal with which it mi^t be processed by the miage- 
J^Sslg system who^^mage captured above is not illustrated is shown m 

[0146] In a main control unit 90, before incorporating this wave signal wave fomi .^^jj^^^if^r^ent shaft 
length measurement shaft BIS Y is reset. A reset action can be performed when the length measurement shan 

MK3 on the ~e "^^^^^^^^ 

^Sve poSi^^^ an exposure location (projection core of projection optics PU and tiie 

mSS on Ae reference mark plate FM 1 and MK3 coordinate location is called for accordmg to both 

mfSl And more finally than the relative-position relation of each shot to the mark MK2 on the orientation 
^l^FM 1 fTwhl^^^^^^^ the relative relation between an -P^^","' ^Lr^ 

S MKl on an orientation plate FM 1 and MK3 coordinate lo-tion m a^^^^ toTet^ s W in 
location and the relative-position relation of each shot are computed Accordmg to tiie result, as shown m 
firfl wi n e 11 exoosure of each shot on a wafer W 1 will be performed. ■ 
$t5^me"above, even if it performs the reset action - ^ 
hi eh liecision alignment is possible is because spacing of a reference mark and the vutual location 
XuSrmea^em^t o'f a wafer mark is computed by the same sensor 1 
mark of each shot field on a wafer Wl , after measuring the reference mark on the reference mark p ate tM. 1 
byl^S sySem 24a. It is because highly precise exposure actiiation t^^^^^^/J^^^r 
interfS-ometer beam of the interferometer of Y shaft orientations will go out durmg migration ot a water 
stS^Z^mrcsT^Jn^^^ said relative distance to tiiat value, if correspondence with ^^^TZl 
S^ Jd a reference mlk location has been taken under the reticle ahgnment "[^^f ^^^P^ 1^2 and 
beforexTosurf^^^^^ a reference mark and the relative-position relation (relative distance) of the location 

m^5m"^rS^^^^^^ are on tiie always same orientation plate, if the 

S e^tn^^^^^^^^ beforehand, there will be no fluctiaation factor or^Vj^^^^^^^^^^^ 

Moreover, although RMKl and RMK2 may have tiie offset by tiie ^^t^^lf/j^^-^S^^TO^^^^^^^ 
marks are used at the time of reticle alignment, and a drawmg error is mitigated or 
SSr is beforehand measured so tiiat it may be indicated by tiie publication-number No. 67271 [ five to ] 
official report, for example, it can respond only by offset management s^^^^^^ly . . ^ 

rOlSll Moreover, of course, the wafer stage WS 1 may be immediately moved ^^"^f ^y/° *J;°'^^V,°'' °^ 
draw ng S after a igmnent termination, carrying out the monitor of the measurement value of lengtt^ 
SSSent shaftTlX and BI4Y, when lengtii measurement shaft BI4Y does n go o-^, while^*^^^^^^^ 
stage WS 1 moves to the location of drawings from an a^g«^«f t^'™^"^^ " 

be made to perform tiie reset action of an interferometer from '^«l-t»^^-P°!lt*°" ^^^^^ ''"^ 
too oroiection image of the marks MKl and MK3 on tiie reference mark plate FM 1 under Uie reticle 
r^S^int microsSoes L44 and 142, and tiie marks RMKl and RMK3 corresponding to it on a reticle at 
lir[ n^Tti^'e aft^Tt^ tim^ of lengtii measurement shaft BI3Y which passes along the opti<^ax^^^ 
^ of prorction optics PL starting tiie reflector 21 which intersects perpendicularly witii tiie Y-axis of tiie 
wafer stage WS 1 . 
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rOl 521 What is necessary is to move the wafer stage WS 2 from an exposure termination location like the 
Lbove trrioading portion of the right-hand side sho>vn in toafel , and just to perform the reset action 
nf the interferometer of length measurement shaft BI5Y. , . . ^ i 

m i53l SSvS!an exam^of the timing of the exposure sequence which cames out sequential exposure 
S ich shoS on the w^fer Wl held on the wafer stage WS 1 is shown in dp^gJ4 and the timmg of 
S^s^dte dSnrSe^^ sequence on the wafer W2 held on the wafer stage WS 2 ^f^^'^^.'^^ZTrS^n. 
S^dTwn in draw 15 mih this operation gestalt. improvement in a tooughput is aimed at by Performing 
r«^^^ e sequence a nd wafer exchange and an aligmnent sequence in parallel to the wafers Wl and W2 
Tn m^ng independentiy two wafer stages WSl and WS2 in the two-dmiensional 



foi54] However, when carrying out concurrent processing of two actuation usmg tivo 
actuat on performed on one wafer stage may affect the actiiation to which °" 
of^other side as a disturbance factor. Moreover, there is also actiiation which does not f^^^^^'^^^^'°'' 
to Xich aciiation performed on one wafer stage is carried out conversely on the wafer stage of another 
^de So, with this operation gestalt, it divides into the actiiation which causes ^^'"^^^^^^^^^ 
actiiation which carries out parallel processing, and the actiiation not b^°"»^"g' ^.^^^^^^^^ 
each actuation is achieved so that actiiation leading .to distiirbance or actiiation leading to disturbance may 

m?5?fF'Sll?Jf d^^^^^ exposure, since the synchronous scan of a wafer Wl and the reticle R 

s cSed ourrfnifor^vllocity, when not becoming a distiirbance factor, it is necessary to eliminate the 
Lrban^kctoTof the from eL as much as possible. For Jiis reason, during tije 

wafer staee WS 1 timing adiustinent is made so that it may be in a qmescent state in the alignment sequence 
oiforSTwTA tii'e 3 W2 on the wafer stage WS 2 of another side. Namely. ^^"^^ marjc measuremem 
rSS^ent fequenc: ^ performed in the condition of having made ^^^^^^ " 

a markTcation for scanning exposure, it does not cause distiirbance but can perform be / jt / und^r 
scanning expos^e / concurrency ] mark measurement. The scanning exposure shown to a wafer Wl m 
SSi byXe number "1, 3^5. 7. 9. 11, 13, 15. 17. 19, 21, 23" of operation -ben tius -^^^^^ 
drawin. 14 aAd drawing 15 . It tiims out that mark measurement ^^^^f " ^^.^f/^^f^.T^f^^^^^^ 
shown to a wafer W2 in drawiiigJ6 by the number "1, 3 5, 7, 9, 11, 13 15, f ' 21. 23 
nerfonned svnchronizing with mutiial. On the otiier hand, since it is umform motion during scanning 
l^ZtZ^rS^nisec^nonoc, it does not become distiirbance but high precision measurement can 

?0?56fZr?over, it is possible to be the same at the time of wafer exchange. Since especially vibration 
nroduced°n cie a wafer is delivered to a pin center.large rise from a load arm can cause disturbance, 

to Te toe o?aLk^^^^^ and deceleration before and after [before scamimg exposure ] coming 
TperfZi a ^chronous scan at uniform velocity (it becomes a distiirbance factor), it may be made to 

deliver a wafer. . . , ^ i nn 

rni S71 Timine adiustment mentioned above is performed by the main control unit ^U. 
0 Is expl£^^^^^ according to the projection aligns 10 ^is operationges^^^^^^ 
WS 1 and WS2 which hold two wafers independently, respectively are provided. While /"oving these ti^o 
waferTtaees independently of flie XYZ direction and performing wafer exchange and alignment actuation 
Tn Se S^^SI^^^^^^^^ other actuation was switched when we decided to perform exposi^e actiiation 
on Sierf^ stale of another side and both actuation was completed, it becomes possible to raise a 

Sfmor£^^ from it having been made to perform the measurement sequence of the reference mark 

S te"d on a wTfer stage'while resetting tiie interferometer t^^.l-S^ ^^^^^^^^^^^^ 

L actuation after a switch, when switching the above-mentioned actiiation The ^^"g^X^Ta wir staK 

of interferometer systems is the reflector (when forming a migration ^'"^^V^d^endently^^^^ 

Since there is no un-arranging and it becomes possible to shorten the reflector (for it to be a migration 

mirror wi^^^^^^ a mi^alon mirror independently) of a wafer ^^age ^^a^^^^^^ 

this migration mirror The miniaturization of a wafer stage can be realized easily and die length ot one ^ae 

Tf aS stLTcan specifically be miniatiirized even in the magnitude of slightly larger extent than a wafer 

dileS In Edition I becoming possible to include easily two wafer stages which can carry out movaWe 

ind^ldentiy by this in equipmSiS, it becomes possible to raise the positiomng engine performance of each 

TofS/toSiermore, about tiie wafer stage of the direction where exposure actiiation is performed llie reticle 

V . ■• 6/29/2006 
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alignment microsc5opes 142 and 144 (exposure light alignment sensor) which mmded [ the mterferometer 
reset for length measurement and ] projection optics PL perform mark measurement on a reference mark 
plate. From our having decided to perform mark measurement on a reference mark plate to the 
interferometer reset for length measurement, and coincidence by alignment system 24a or 24b (off-axis 
alignment sensor) about the wafer stage of the direction where wafer exchange and alignment actuation are 
performed It becomes possible [ switching the interferometer length measurement shaft which manages the 
location of a wafer stage ] also in the case of exposure by the alignment by each alignment system, and 
projection optics. In this case, in case a mark on ** reference mark plate is measured m alignment system 
24a or 24b Measure the coordinate location of this mark on the 1st stage system of coordinates, and detect 
the alignment mark of the sample shot on a wafer after that [ *♦ ]. and it is asked for the array coordmate 
(coordinate location for exposure) of each shot on the 1st stage system of coordinates by the EGA operation. 
** Ask for the relative-position relation between a mark on a reference mark plate, and the coordinate 
location for exposure of each shot from the result of the above-mentioned ** and **. *♦ The reticle 
alignment microscopes 142 and 144 detect the relative-position relation between the mark on a reference 
mark plate, and a reticle projection coordinate location on the 2nd stage system of coordmates through 
projection optics PL before exposure. ** Since each shot is exposed using the above-mentioned ** and , 
even if it switches the interferometer length measurement shaft which manages the location of a wafer stage, 
it can expose with high degree of accuracy. Consequently, without performing base-line measurement which 
measures the projection core of projection optics like the former, and spacing based on [ of an alignment 
system ] detection, the alignment of a wafer becomes possible and it becomes unnecessary [ loading of a big 
reference mark plate which is indicated by the publication-number No. 176468 / seven to / offiaal report ]. 
[0161] Moreover, since at least two alignment systems which perform mark detection on both sides of 
projection optics PL are provided according to the above-mentioned operation gestalt, it becomes possible 
by shifting two wafer stages by turns to carry out parallel processing of the alignment actuation performed 
using alternation in each alignment system, and the exposure actuation. 

[0162] Moreover, according to the above-mentioned operation gestalt, the neighborhood of an alignment 
system, and since it is arranged so that it can carry out especially in each alignment location, the shift to an 
alignment sequence from wafer exchange is performed smoothly, and the wafer loader which performs 
wafer exchange can obtain a higher throughput. 

[0163] Furthermore, since a high throughput which was mentioned above is obtained according to the 
above-mentioned operation gestalt, even if it detaches the aligmnent system of an off-axis more greatly than 
projection optics PL and installs it, the effect of degradation of a throughput is almost lost. For this reason it 
is high N.A. (numerical aperture) of a straight cylinder mold, and it becomes possible to design and install 
the small optical system of aberration. ■ r-^ 

[0164] Moreover, since it has the interferometer beam from the interferometer of each optical axis ot two 
alignment systems and projection optics PL which measures a core mostly for every optical system 
according to the above-mentioned operation gestalt, It becomes possible to be able to measure two wafer 
stage locations correctly in the condition that there is no ATSU ******, respectively in any [ at the tune of 
the pattem exposure through the time of alignment, or projection optics ] case, and to move two wafer stages 

independently to it correctly. , , , ... 

[0165] Furthermore, length measurement shaft BIIX and BI2X which were prepared towards the projection 
core of projection optics PL along the direction (here X shaft orientations) where two wafer stages WSl and 
WS2 are located in a Une from both sides In order to always irradiate to the wafer stages WSl and WS2 and 
to measure X shaft-orientations location of each wafer stage, it becomes possible to carry out migration 
control so that two wafer stages may not interfere mutually. • r- j 

[0166] Moreover, according to the above-mentioned operation gestalt, since double exposure is pertormed 
using the reticle R of two or more sheets, the improvement effectivieness of high resolution and DOF (depth 
of focus) is acquired. In order to have to repeat an exposure process twice [ at least ], there was un-arranging 
[ that the exposure time became long and a throughput fell sharply ], but since a throughput can improve 
sharply by using the projection aligner of this operation gestalt, this double exposure method can acquire 
high resolution and the improvement effectiveness of DOF, without reducing a throughput. 
[0167] For example, it sets to Tl (wafer swap time), T2 (search alignment time amount), T3 (fine alignment 
time amount), and T four (1 time of exposure time). Each processing time in a 8 inch wafer T 1 :9 seconds, T 
2:9 seconds, T 3:12 seconds. If double exposure is performed by the conventional aligner by which a senes 
of processings are sequentially performed using one wafer stage when it considers as T 4:28 seconds It is set 
to 41 (at [the time of **/]). throughput THOR=3600-/(Tl+T2+T3+T-four*2) =3600/(30+28*2) = ~ 
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Compared with the throughput (THOR=3600/(T1+T2+T3+T four) =3600 / 58= 62 (at [the time of **/])) of 
equipment, a throughput is downed to 66% conventionally which enforces the single exposing method using 
one wafer stage, since [ on the other hand» ] the exposure time is larger when performing double expostire, 
carrying out parallel processing of Tl, T2 and T3, and the T four using the projection aligner of this 
operation gestalt ~ throughput THOR=3 600/(28+28) = - it is set to 64 (at [the time of *♦/]), and it becomes 
possible to improve a throughput sharply, maintaining the improvement effectiveness of high resolution and 
DOF. Moreover, the exposure time becomes possible [ increasing a long part and EGA mark ], and 
alignment precision improves. 

[0168] « — 2nd operation gestalt» — next, the 2nd operation gestalt of this invention is explained based 
on drawing 16 and drawing 17 . Here, about a component the same as that of the 1 st operation gestalt 
mentioned above, or equivalent, while using the same sign, the explanation shall be given simple or it shall 
omit. 

[0169] As a projection aligner is shown in this 2nd operation gestalt at drawing 16 , die length of one side of 
the wafer stage WS 1 (die length of one side of WS2 is the same as this) Since it is longer than the mutual 
distance BL (a mutual distance of length measurement shaft BI5Y and BI3Y is the same as this) of length 
measurement shaft BI4Y and BI3Y, While the wafer stage WS 1 (or WS2) moves ft*om the termination 
location of an alignment sequence to the starting position of an exposvire sequence, it has the description at 
the point that length measurement beam BI4Y (or BI5Y) goes out fi-om the reflector of a stage. For this 
reason, although the point which becomes measurable [ the reference mark of a reference mark plate ] after 
reset of an interferometer differs from the case of the 1 st operation gestalt mentioned above so that it may 
mention later, the configuration of other parts etc. is the same as that of the projection aligner 10 of the 1st 
operation gestalt mentioned above. 

[0170] After the alignment of the wafer stage WS 1 top wafer Wl is completed, signs that the interferometer 
of length measurement shaft BI3 Y is reset are shown in drawing 16 . 

[0171] Fine alignment (carried out by EGA mentioned above) actuation of the wafer Wl according [ the 
interferometer of length measurement shaft BIIX which has managed the location of the wafer stage WS 1 
so that clearly also from this drawing 16 , and BI4Y ] to alignment system 24a or subsequent ones Since an 
interferometer beam does not separate from the reflector formed in Y shaft-orientations end side of the 
wafer stage WS 1 In a main control unit 90, the wafer stage WS 1 is moved to the location of drawing 16 
where the reference mark plate FM 1 is positioned in the bottom of the projection lens PL from an 
ARAMENTO termination location, carrying out the monitor of the measurement value of the interferometer 
of length measurement shaft BIIX and BI4Y. Under the present circumstances, just before positioning the 
reference mark plate FM 1 just under the projection lens PL, the interferometer beam of length measurement 
shaft BI3Y comes to be reflected in the reflector of the wafer stage WS 1. 

[0 1 72] In this case, vinlike the case of the 1 st operation gestalt mentioned above, since it is carried out based 
on the measurement value of the interferometer of length measurement shaft BIIX and BI4Y, with a main 
control unit 90, the position control of the wafer stage WS 1 has managed the location of the wafer stage 
WS 1 correctly, and it is it at this time (just before positioning the reference mark plate FM 1 just under the 
projection lens PL), and it resets the interferometer of length measurement shaft BI3Y. Position control of 
the wafer stage WS 1 comes (the change of system of coordinates is performed to the 2nd stage system of 
coordinates from the 1 st stage system of coordinates) to be performed after reset termination based on the 
measurement value of the interferometer of length measurement shaft BIIX and BI3 Y. 
[01 73] Then, the wafer stage WS 1 is positioned in the location shown in drawing 16 with a main control 
unit 90. Like the case of the 1st operation gestalt mentioned above using the reticle microscopes 142 and 
144 Relative-position detection of the wafer side top projection image of the marks MKl and MK3 on the 
reference mark plate FM 1, and the marks RMKl and RMK3 corresponding to it using exposure light on a 
reticle, Namely, after detecting relative-position relation between marks RMKl and RMK3 and an exposure 
location (projection core of projection optics PL), More finally than the relative-position relation between 
the relative-position relation of each shot to the mark MK2 on the reference mark plate FM 1 currently 
called for beforehand, an exposure location, and the mark MKl on the reference mark plate FM 1 and MK3 
coordinate location, an exposure location and the relative-position relation of each shot are computed. It 
exposes according to the result (refer to drawing 1 1 ). (double exposure mentioned above) 
[01 74] Although it separates firom length measurement shaft BI4Y fi-om a reflector according to an exposure 
location and becomes measurement impossible during this exposure, since the switch of the length 
measurement shaft for the position control of the wafer stage WS 1 has already been performed, there is no 
un-arranging. 
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[0175] Thus, while actuation of an exposure sequence is performed by one wafer stage WS 1 side, position 
control is made based on the measurement value of the interferometer of length measurement shaft B12X 
and BI5Y, and, as for the wafCT stage WS 2 of another side, W exchange sequence and the wafer alignment 
sequence are performed. In this case, in the wafer stage WS 1 side, since double exposxire is performed like 
the above-mentioned, the direction of actuation of the wafer exchange sequence by the side of the wafer 
stage WS 2 and a wafer alignment sequence is completed previously, and the wafer stage WS 2 is in the 
standby condition after that. 

[0176] When all exposure of a wafer Wl is completed, in a main control xmit 90, carrying out the monitor of 
the measvirement value of the interferometer of length measurement shaft BIIX and BI3Y, the 
interferometer beam of length measurement shaft BI4Y moves to the location reflected in the reflector of the 
wafer stage WS 1 on the wafer stage WS 1, and resets the interferometer of length measurement shaft BI4Y, 
After reset action termination, with a main control unit 90, the length measurement shaft for control of the 
wafer stage WS 1 is again switched to length measurement shaft BIIX and BI4Y, and the wafer stage WS 1 
is moved to a loading position. 

[0177] Although the interferometer beam of length mezisurement shaft BI3Y separates from a reflector and 
serves as measurement impossible shortly during this migration, since the switch of the length measvirement 
shaft for the position control of the wafer stage WS 1 has already been performed, there is no un-arranging. 
[0178] In a main control unit 90, migration of the wafer stage WS 2 is started in parallel to making it move 
towards the loading position of the wafer stage WS 1 that the reference mark plate FM 2 of the wafer stage 
WS 2 should be positioned down to projection optics PL. In the middle of this migration, like the above- 
mentioned, perform reset of the interferometer of length measurement shaft BI3Y, and it is made after that 
to be the same as that of the above-mentioned. Relative-position detection of the wafer side top projection 
image of the marks MKl and MK3 on the reference mark plate FM 2, and the marks RMKl and RMK3 
corresponding to it using the reticle microscopes 142 and 144 on a reticle, Namely, after detecting relative- 
position relation between marks RMKl and RMK3 and an exposure location (projection core of projection 
optics PL), More finally than the relative-position relation between the relative-position relation of each shot 
to the mark MK2 on the reference mark plate FM 2 currently called for beforehand, an exposure location, 
and the mark MKl on the reference mark plate FM 2 and MK3 coordinate location, an exposure location 
and the relative-position relation of each shot are computed. Exposure (double exposure mentioned above) 
is started according to the result. 

[0179] It does in this way, the wafer stage WS 1 is moved to drawing 17 to a loading position, and the 
situation when actuation of an exposure sequence is performed by the wafer stage WS 2 side is shown. 
[0180] by this loading position, like the case of the 1st operation gestalt, the mark MK2 on the reference 
mark plate FM 1 positions, it is made the bottom of alignment system 24a, and a main control unit 90 
detects the coordinate location of a mark MK2 like the case of the 1 st operation gestalt on wafer exchange 
termination, simultaneously the 1st stage system of coordinates (BIIX, BI4Y). Next, EGA measurement is 
carried out to the mark on a wafer Wl, and the coordinate location of each shot in the same system of 
coordinates is computed. Namely, the relative-position relation of each shot to a mark MK2 is computed by 
subtracting the coordinate location of the mark MK2 on an orientation plate FM 1 fi"om the coordinate 
location of each shot. EGA actuation will be ended at this time, and it will wait for exposure termination of 
the wafer stage WS 2 top wafer W2, and will shift to the condition of drawing 16 again. 
[0181] According to the projection aligner of the operation gestalt of**** 2 explained above, can acquire 
effectiveness equivalent to the 1 st operation gestalt mentioned above, and also The length measurement 
shaft which switches in the middle of migration of the stage at the time of switching to actuation of an 
exposure sequence, and is used a front and after a switch, respectively is made to be reflected in the reflector 
of a wafer stage in coincidence after termination of an alignment sequence of operation, moreover, from the 
length measurement shaft which switches in the middle of migration of the stage at the time of switching to 
actuation of wafer exchange and an alignment sequence after termination of an exposure sequence of 
operation, and is used a front and after a switch, respectively having been made to be reflected in the 
reflector of a wafer stage in coincidence The exposure light alignment sensor (reticle alignment microscope 
142,144) which minded projection optics PL after the interferometer reset for length measurement performs 
mark measurement on a reference mark plate. In advance of this, reset of the interferometer for length 
meeisurement is performed also in the case of wafer exchange, and it becomes possible to perform mark 
measurement on an orientation plate after wafer exchange termination by the off-axis alignment sensor 
(alignment systems 24a and 24b). Therefore, it becomes possible to switch the interferometer of stage 
control to the interferometer which has the length measurement shaft used in the actuation after a switch in 
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the middle of a switch of the exposure actuation and wafer exchange actuation by projection optics PL in the 
middle of a switch with the alignment actuation by each alignment system, and the exposure actuation by 
projection optics PL. Therefore, it becomes possible to aim at improvement in a throughput further 
compared with the case of the 1st operation gestalt which was switching the length measurement shaft to the 
mark measurement on a reference mark plate, and coincidence. . 

[01 82] In addition, although the above 1 st and the 2nd operation gestalt explained the case where it was 
applied to the equipment with which this invention exposes a wafer using a double exposure method While 
the equipment of this invention performs exposure twice by one wafer stage side like the above-mentioned 
at the reticle of two sheets (double exposure), this When carrying out wafer exchange and wafer alignment 
in parallel by the wafer stage side of another side which can carry out movable independently, while a 
throughput higher than the conventional single exposure is obtained, it is because there is big effectiveness 
that large improvement in resolution can be aimed at, especially. However, also when the applicability of 
this invention is not limited to this and exposed by the single exposing method, this invention can be applied 
suitably. For example, supposing each processing time (Tl - T four) of a 8 inch wafer is the same as that of 
the above-mentioned If Tl, T2, and T3 are made into one group (a total of 30 seconds) and T four (28 
seconds) and parallel processing are performed when carrying out exposure processing by the single 
exposing method using two wafer stages like this invention the former which a throu^put is set to 
THOR=3600 / 30= 120 (at [the time of **/]), and enforces the single exposing method using one wafer stage 
- throughput THOR= of equipment - it becomes possible to obtain an ahnost double high throughput 
compared with 62 (at [the time of **/]). 

[0183] Moreover, although the above-mentioned operation gestalt explained the case where step - and - 
scanning method performed scan exposure, even if it is at the electron ray aligner (EB aligner). X-ray 
aligner, and SUTITCHINGU exposure time which compounds a chip and a chip further when this invention 
is not limited to this and it performs quiescence exposure by the step-and-repeat method and, of course, it is 
applicable similarly. 

[0184] . 
[Effect of the Invention] As explained above, according to invention given m claims 1-4, and 6-1 1 , there is 
outstanding effectiveness which is not in the former that improvement in a throughput, and small and 
lightweight-izing of a substrate stage can be attained. 

[0185] Moreover, according to invention according to claim 5, the projection exposure approach which can 
attain improvement in a throughput, and small and lightweight-izing of a stage is offered. 
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[Drawing 3] 
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[The contents of amendment] 

[Claim(s)] 

[Claim 1] r u 

It is the projection aligner which carries out projection exposure of the image of the pattem formed m the 
mask on an induction substrate through projection optics. 

An induction substrate is held and it is the movable 1st substrate stage about the inside of a two-dunensional 
flat surface.; 

Holding an induction substrate, said 1st substrate stage is the independently movable 2nd substrate stage 
about the inside of the same flat surface as said 1st substrate stage.; 

Alignment system for detecting the mark on the induction substrate which was formed apart firom said 
projection optics and held on said substrate stage or on said substrate stage; 

The 1st length measurement shaft which always measures the location of said 1st shaft orientations of said 
1st substrate stage fi-om the one side of the 1st shaft orientations passing through the projection core of said 
projection optics, and the detection core of said alignment system, The 2nd length measurement shaft which 
always measures the location of said 1st shaft orientations of said 2nd substrate stage firom the other side of 
said 1st shaft orientations. Interferometer systems which are equipped with the 3rd length measurement 
shaft which intersects said 1st shaft and perpendicular focusing on projection of said projection optics, and 
the 4th length measurement shaft which intersects said 1st shaft and perpendicular focusing on detection of 
said alignment system, and measure the two-dimensional location of said 1st and 2nd substrate stage with 
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these length measurement shafts, respectively; 

While the induction substrate which the location of one stage of said 1 st substrate stage and the 2nd 
substrate stages was managed using the measurement value of said 3rd length measurement shaft of said 
interferometer systems, and was held on one [ this ] stage is exposed The physical relationship of the 
alignment mark on the induction substrate held on the stage of another side of said 1 st substrate stage and 
the 2nd substrate stages and the reference point on the stage of said another side the detection result of said 
alignment system, and the measurement value of the 4th length measurement shaft of said interferometer 
systems After controlling actuation of said two substrate stages to be used and detected, while using the 
measurement value of said 3rd length measiirement shaft and resetting the interferometer of said 3rd length 
measurement shaft in the condition in which location measurement of the stage of said another side is 
possible Control means which controls actuation of the stage of said another side so that the origin/datum on 
the stage of said another side is positioned in the location which can detect physical relationship with the 
predetermined origin/datum in ttie projection field of said projection optics; 
The proj ection aligner which * * ♦ * . 
[Claim 2] 

It has another alignment system which has a detection core on said 1 st shaft in the opposite side of said 
alignment system about said projection optics, 

Said interferometer systems are equipped with the 5th length measurement shaft which intersects said 1st 
shaft and perpendicular focusing on detection of said another alignment system, 

While the induction substrate which the location of one [ said ] stage was managed using the measurement 
value of said 3rd length measurement shaft of said interferometer systems, and was held on one [ this ] stage 
is exposed, said control means After controlling actuation of said two substrate stages so that the physical 
relationship of the alignment mark on the induction substrate held on the stage of said another side and the 
reference point on the stage of said another side is detected using the detection result of said alignment 
system, and the measurement value of the 4th length measurement shaft of said interferometer systems 
While resetting the interferometer of said 5th length measurement shaft in the condition in which location 
measurement of one [ said ] stage is possible using the measxxrement value of said 5th length measurement 
shaft The projection aligner according to claim 1 characterized by controlling actuation of one [ said ] stage 
so that the origin/datum on one [ said ] substrate stage is positioned in the detection field of said another 
alignment system. 
[Claim 3] 

It has fiirther the carrier system which delivers an induction substrate between said 1 st substrate stage and 
said 2nd substrate stage. 

Said control means is a projection aligner according to claim 2 characterized by being in the condition 
which positioned the origin/datum on one [ said ] substrate stage, and delivering a substrate between one 
[ said ] stage and said carrier system in the detection field of said another alignment system. 
[Claim 4] 

On said 1 st substrate stage and said 2nd substrate stage, the reference mark as a reference point of said stage 
is formed, respectively, 

The predetermined reference point in the projection field of said projection optics is based on projection of 
the pattern image of said mask, 

The projection aligner according to claim 1 characterized by having fiirther a mark location detection means 
to detect the relative-position relation between the projection core of the pattern image of said mask, and the 
reference mark on said stage through said mask and said projection optics. 
[Claim 5] 

It is the projection exposure approach which carries out projection exposure of the image of the pattern of a 
mask on an induction substrate through projection optics, 

Ah induction substrate is held and two independently movable substrate stages are respectively prepared for 
the inside of the same flat surface. 

While a predetermined interferometer performs one location measurement of said two stages, projection 
exposure of the pattern image of said mask is carried out on the induction substrate held on one [ this ] stage. 

While an interferometer other than said predetermined interferometer performs location measurement of the 
stage of another side of said two stages during exposxire of the substrate held on one [ said ] stage, the 
physical relationship of the alignment mark on the substrate held on the stage of this another side and the 
reference point on the stage of said another side is measured, 
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While resetting said predetermined interferometer with said predetermined interferometer after exposure 
termination of the substrate held on one [ said ] stage in the condition in which location measurement of the 
stage of said another side is possible, the origin/datum of the stage of said another side is positioned in the 
location which can detect physical relationship with the predetermined origin/datum in the projection field 
of said projection optics. 

The projection exposure approach characterized by performing alignment of the induction substrate and the 
pattern image of a mask which were held on the stage of said another side using said reset predetermined 
interferometer based on said measured physical relationship. 
[Claim 6] 

It is the projection aligner which carries out projection exposxire of the image of the pattern formed in the 
mask on an induction substrate through projection optics, 

An induction substrate is held and it is the movable 1 st substrate stage about the inside of a two-dimensional 
flat surface.; 

Holding an induction substrate, said 1 st substrate stage is the independently movable 2nd substrate stage 
about the inside of the same flat surface as said 1st substrate stage.; 

Alignment system for detecting the mark on the induction substrate which was formed apart fi-om said 
projection optics and held on the reference mark and said substrate stage on said substrate stage; 
The 1 st length measurement shaft for measuring the location of said 1 st shaft orientations of said 1 st 
substrate stage from the one side of the 1 st shaft orientations psissing through the projection core of said 
projection optics, and the detection core of said alignment system, The 2nd length measurement shaft for 
measuring the location of said 1 st shaft orientations of said 2nd substrate stage from the other side of said 
1 st shaft orientations, Interferometer systems which are equipped with the 3rd length measurement shaft 
which intersects perpendicularly with said 1st shaft focusing on projection of said projection optics, and the 
4th length measurement shaft which intersects perpendicularly with said 1 st shaft focusing on detection of 
said alignment system, and measure the two-dimensional location of said 1 st and 2nd substrate stage with 
these length measurement shafts, respectively; 

While exposing the induction substrate on one [ this ] stage, managing the location of one stage of said 1st 
substrate stage and said 2nd substrate stages using the 3rd length measurement shaft of said interferometer 
systems While searching for the physical relationship of the mark on the induction substrate held on the 
stage of said another side, and the reference mark on the stage of said another side using said alignment 
system, managing the location of the stage of said another side using the 4th length measurement shaft of 
said interferometer systems Control means which searches for the physical relationship of the projection 
location of the pattern image of said mask by said projection optics, and the reference mark on the stage of 
said another side, using said 3rd length measurement shaft and managing the location of the stage of said 
another side after exposure of the induction substrate held on one [ said ] stage; 
The projection aligner characterized by ****(ing). 
[Claim 7] 

The projection aligner according to claim 6 which is after exposxire of the induction substrate held on one 
[ said ] stage, and is characterized by resetting the measurement value of the 3rd length measurement shaft 
of said interferometer systems when searching for the physical relationship of the projection location of the 
pattern image of said mask by said projection optics, and the reference mark on the stage of said another 
side. 

[Claim 8] 

the physical relationship of the mark on the induction substrate with which said control means was held on 
the stage of said another side, and the reference mark on the stage of the another side ~ and When the 
physical relationship of the projection location of the pattem image of said mask by said projection optics 
and the reference mark on the stage of said another side is searched for The projection aligner according to 
claim 6 characterized by exposing the induction substrate held on the stage of said another side while 
controlling the location of the stage of said another side based on the measurement result of the 3rd length 
measurement shaft of ******. 
[Claim 9] 

Said control means is a projection aligner according to claim 8 characterized by positioning the stage of said 
another side and exchanging an induction substrate after exposure of the induction substrate held on the 
stage of said another side so that the reference mark on the stage of said another side may enter in the 
detection field of said alignment system. 
[Claim 10] 
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The projection aligner according to claim 9 characterized by resetting the measurement value of the 4th 
length measurement shaft of said interferometer systems when detecting the reference mark on the stage of 
said another side by said alignment system. 

[Claim 11] . , 

It is the projection aligner which carries out projection exposure of the rniage of the pattern formed m the 

mask on an induction substrate through projection optics, • i 

An induction substrate is held and it is the movable 1st substrate stage about the inside of a two-dmiensional 

Holding an Induction substrate, said 1st substrate stage is the independentiy movable 2nd substrate stage 
about the inside of the same flat surface as said 1 st substrate stage. ; 

Carrier system which delivers an induction substrate between said 1st substrate stage and said 2nd substrate 

stage; j • *• 

Alignment system for detecting the mark on the substrate which was formed apart from said projection 

optics and held on the reference mark and said substrate stage on said substrate stage; 
While one stage of said 1st substrate stages and said 2nd substrate stages performs delivery of said earner 
system and induction substrate, it has the control means which controls said two substrate stages so that the 
stage of another side performs exposure actuation. 

This control means is a projection aligner characterized by controlling one [ said ] stage so that the reference 
mark on one [ said ] stage enters in the detection field of said alignment system, when one [ said ] stage 
delivers an induction substrate between said carrier system. 

[Claim 12] ^ , . . 

It is the projection aligner which projects the image of a pattern on an induction substrate and exposes this 

induction substrate, . 

It has a reflector for interferometers, an induction substrate is held, and it is the 1st stage movable in Uie 

two-dimensional direction.; 

It has a reflector for interferometers, an induction substrate is held, and said 1 st stage is the 2nd stage 
movable in the two-dimensional direction independently.; 

The 1st aUgnment system for searching for the 1st physical relationship of the criteria arranged on said 
stage, and the shot field on the induction substrate held on tWs stage; 

Projection optics for separating to the 1st shaft orientations, being arranged to said 1 st alignment system, 
and projecting said pattem image on an induction substrate; 

The 2nd alignment system for searching for the 2nd physical relationship with the criteria arranged on the 
projection location and said stage of said pattem image by said projection optics; 

In order to search for said 1st physical relationship, when alignment acttiation which uses said 1st ahgnment 
system and performs mark detection of the induction substrate on one stage is performed, the location of 
said 1 st shaft orientations of one [ said ] stage When exposure actuation which exposes the induction 
substrate on the stage of another side using the 1st length measurement shaft for measuring from the 1 side 
of said 1 st shaft orientations and said projection optics is performed, the location of said 1 st shaft 
orientations of the stage of said another side It is arranged possible [ measurement of the location of the 2nd 
length measurement shaft for measuring from a side besides said 1st shaft orientations, and the 2nd shaft 
orientations perpendicular to said 1st shaft orientations of the stage of said another side where exposure 
actuation to said induction substrate is performed ]. The 3rd length measurement shaft which separates from 
the reflector of the stage of said another side after termination of said exposure actuation, In parallel to said 
exposure actuation, it is arranged possible [ measurement of the location of said 2nd shaft orientations of 
one / said / stage where alignment actuation to said induction subsfrate is performed ]. It has the 
interferometer systems and; which have the 4th length measurement shaft which separates from the reflector 
of one [ said ] stage after termination of said alignment actuation. 

The mark on the induction substrate is detected between the alignment actuation to said induction substrate 
on one [ said ] stage, and the 1st physical relationship of the shot field on the induction substrate concerned 
and the criteria arranged on one [ said ] stage is searched for. 

The 2nd physical relationship of the projection location of said pattem image by said projection optics and 
the criteria of one [ said ] stage is searched for using said 2nd alignment system after termination of said 
alignment actuation by the side of one [ said ] stage, and said exposure actuation by the side of the stage of 
said another side. 

The projection aligner with which sequential exposure of the shot field on the induction subsfrate held on 
one [ said ] stage is carried out while confroUing the location of one [ said ] stage based on said 1st physical 
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relationship and said 2nd physical relationship, after said 2nd physical relationship is searched for. 

[Claim 13] r i j 

It is the projection aligner according to claim 12 with which the location of one [ said ] stage is measured 
using the 2nd length measurement shaft of said interferometer systems when searching for the 2nd physical 
relationship of the projection location of said pattern image by said projection optics, and the criteria of one 
[ said ] stage using said 2nd alignment system. 
[Claim 14] 

It has a base member fiirther. 

Said 1st and 2nd stages are projection aligners given in any 1 term of claims 12-14 mdependently movable 
in the two-dimensional direction on said base member, respectively. 

[Claim 15] ^ .^^ j 

A projection aUgner given in any 1 term of claims 12-14 by which said 1st stage and said 2nd stage are 

moved by turns to the image surface side of said projiection optics, and sequential exposure of two or more 

induction substrates is carried out. 

[Claim 16] 

The criteria arranged on one [ said ] stage have the 1 st reference mark and the 2nd reference mark. 
Said 1st physical relationship is searched for by detecting the mark and said 1st reference mark on the 
induction substrate on one [ said ] stage using said 1st alignment system, measuring the location of one 
[ said ] stage using said 1 st length measurement shaft, 

Said 2nd physical relationship is searched for by detecting the physical relationship of said 2nd reference 
mark and the mark of the mask with which said pattem was formed through said projection optics using said 
2nd alignment system, measuring the location of one [ said ] stage using said 2nd length measurement shaft, 
A projection ahgner given in any 1 term of claims 12-15 by which the shot field on the induction substrate 
with which the physical relationship of the projection location of the pattem image by said projection optics 
and the shot field on the induction substrate held on one [ said ] stage was determined, and was held on one 
[ said ] stage based on the this determined physical relationship based on said 1st physical relationship and 
said 2nd physical relationship is exposed. 
[Claim 17] 

It has fiirther the substrate carrier system which conveys an induction substrate. 

In advance of said alignment actuation, delivery of an induction substrate is performed between one [ said ] 
stage and said substrate carrier system in parallel to exposure actuation on the stage of said another side, 
The projection aligner according to claim 16 to which detection of said 1st reference mark is performed by 
said 1st alignment system by the condition diat said 1st length measurement shaft can measure the location 
of one [ said ] stage after performing delivery of said carrier system and induction substrate. 

[Claim 18] , i, « 

Said substrate carrier system is a projection aligner according to claim 17 which separates to said 1st shatt 

orientations and is arranged to said projection optics. 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0059 

[Method of Amendment] Modification 

[The contents of amendment] 

[0059] 

According to this, acttiation of both stages is controlled so that the stage of another side performs exposure 
actuation by the conti-ol means, while one stage of the 1st substrate stage and the 2nd substrate stages 
delivers an induction substrate between carrier system. Therefore, parallel processing of actuation of the 
time amount Tl explained previously and the actuation of time amount T four can be carried out. Moreover, 
a control means can perform the location measurement of a reference mark and the exchange of an induction 
substrate which are alignment initiation actuation since a stage is controlled so that the reference mark on 
one stage enters in the detection field of an alignment system in while when one stage delivers an induction 
substrate between carrier system by the quiescent state of a substtate stage. Furthermore, it becomes 
possible to perform acttiation of the time amount Tl , the time amount T2, and time amount T3 which were 
explained previously by one substrate stage side in addition to the transit time of tiie substtate stage fi-om a 
substrate exchange location to an alignment starting position serving as zero, and to operate time amount T 
four by the substrate stage side of another side. Therefore, it becomes possible to raise a throughput 
compared with the conventional sequential processing in which time amount (T1+T2+T3+T four) was 
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required. 

Moreover, it is the projection aligner which this invention projects the image of a pattern on an induction 
substrate, and exposes this induction substrate. Have a reflector for interferometers (21) and hold an 
induction substrate (Wl), and have the 1st movable stage (WSl) and a reflector for; interferometers (23) in 
the two-dimensional direction (X shaft orientations, Y shaft orientations), and an induction substrate (W2) is 
held. The criteria independently arranged with the 1st stage (WSl) on the 2nd stage (WS2) movable in the 
two-dimensional direction (X shaft orientations, Y shaft orientations), and; stage (WSl or WS2) (MK2), To 
the 1 St alignment system (24a) and the; 1 st alignment system (24a) for searching for the 1 st physical 
relationship with the shot field on the induction substrate held on this stage, separate. to the 1 st shaft 
orientations (X shaft orientations), and it is arranged. In order to search for the 2nd alignment system (142), 
and the; 1 st physical relationship for searching for the 2nd physical relationship with the criteria (MKl) 
arranged on the projection location and stage of a pattern image by the projection optics (PL) and; projection 
optics (PL) for projecting.a pattem image on an induction substrate When alignment actuation which 
performs mark detection on the induction substrate on one stage (for example, Wl) using the 1st ally noodle 
** system (24a) is performed, the location of the 1st shaft orientations (X shaft orientations) of one stage 
(WSl) The 1st length measurement shaft for measuring from the 1 side of the 1st shaft orientations (X shaft 
orientations) (BIIX), When exposure actuation which exposes the induction substrate on the stage of 
another side (W2) using projection optics (PL) is performed, the location of the 1st shaft orientations (X 
shaft orientations) of the stage (WS2) of another side The 2nd length measurement shaft for measxiring from 
a side besides the 1 st shaft orientations (X shaft orientations) (BI2X), It is arranged possible [ measurement 
of the location of the 2nd shaft orientations (Y shaft orientations) perpendicular to the 1st shaft orientations 
(X shaft orientations) of the stage (WS2) of another side where exposure actuation to an induction substrate 
is performed ]. The 3rd length measurement shaft which separates from the reflector (23) of the stage (WS2) 
of another side after termination of exposure actuation (BI3Y), In parallel to exposure actuation, while is 
performed and the alignment actuation to an induction substrate is arranged possible [ measurement of the 
location of the 2nd shaft orientations (Y shaft orientations) of a stage (WSl) ]. It has the interferometer 
systems and; which have the 4th length measxirement shaft (BI4Y) which separates from the reflector (21) of 
one stage (WSl) after termination of alignment actuation. Between the alignment actuation to the induction 
substrate (Wl) on one stage (WSl) Detect the mark on the induction substrate (Wl), and the 1 st physical 
relationship of the shot field on the induction substrate (Wl) concemed and the criteria (MK2) arranged on 
one stage (WSl) is searched for. After termination of the alignment actuation by the side of one stage (WSl), 
and the exposure actuation by the side of the stage (WS2) of another side The 2nd physical relationship of 
the projection location of a pattem image and the criteria (MKl) of one stage (WSl) by projection optics 
(PL) is searched for using the 2nd alignment system (142). It is characterized by carrying out sequential 
exposure of the shot field on the induction substrate (Wl) held on one stage (WSl), controlling the location 
of one stage (WSl) based on the 1 st physical relationship and 2nd physical relationship, after the 2nd 
physical relationship is searched for. 

Since according to this it becomes possible to raise a throughput and a stage reflector can be made small, the 
miniaturization of a stage can be attained. 



[Translation done.] 
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fSSfiX7^-i^±<0Sipv-^Rt/t5ffiSSX'r-i^ti: 

SttiSb^tT^Stc. {ifi73 0Xx-i^'*^fi7ti!jft^tT-5 
. J: 3 til HufB 2 -QCOSffiXx- i^:grSiJ?B-r SMap^S ^ ^ 

^SiJffll^Sli. MIB— 7iaDXf'-->^/)^BUsaaSaS>'X'ri^ 

20 -r- ^/•±OS*^— ^ ;b^BuiB7 ^ p< > b W^M 
l^tcA^cJ: 5 tCBuIB— :)?^Xx->^J&»Jffli-rsc: ii^lf 

[0 0 0 1] 
[0 0 0 2] 

S^^B7b^1Sffl^nTi/^^:6\ iiftT-ti. :7^bvx^ 
oa5^#*^^fl3^nfc:^x/NXti;^*-^xyu- b^cOS 

SIfiX-r— >^±lcSBb. eioaifiXx— S^tc^^^P^JS 

/h^aSB^SB (i/^tDt^SX-r'y/^— ) *^±S5^^^T 
[0 0 0 3] ^ifiJC^SioT. C<07sf-y^^—^(0—mM 
>JS<D^S>t^B (151J^tf1trff1¥7 - 1 7 6 4 6 8^ 

50 'j^mmicim-^Hrzm^fkMmmytmM) hitm^^< 
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^^tC^ 4^*{4:^?CDmSg*M 6M t-^^e 4 

UCODRAM. mKn^mOttZSeM, IG (^m 

Co 0 0 4] 

[0 0 0 5] cntJiKU. x-T'y:/- 7'>K • x^-w 



So 

[000 7]® ^-r. »>x/ND— rS^^^^-pT'^x/N^g: 
[0 00 8] ® -tt— ^7'^'r;^>MS<lltC<fcO 

TH0R = 3 6 0 0/ (T 1 4-T 
±feT 1 — T 40i!l{^ti. T 1 2->T 4-^T 

1 <D^o}fZm:k (zy—^>iy^Mz) ^DiSLUfT 

^nSo iKOTcib. T 1 — T 4 ^TOmOg^^iSji 



[0009]® ^zx^Nioa-i/H ^y 

So cco^r-Y^Z^-f ;?«>hX3gli. — flSicEGA 

v^&n. ccDTj^ti. '>x.'^[^a)1tS!(a:)1t>y;l/i:^3 ^y 
h^SS^LT^^. ^K-y-^y/l/i/a *y h^c^^j•iS$nfc 
T-^^;?<>hv->> C'i^xv^NT-^) (DiiLm^m^kf^m • 
10 U ci(Dt1-iaiS*i:i^3 ^y bE?iJOlfttl-fili:icS-::5v> 

(!|#ia0S6 1 -4 4 4 2 9^^I|#EB) , 

[0010]® ±aiUfcE G AT^S^teii:^^ 

i6rc§>' 3 ^y h®i^OJ^^f filMh^ i6tf-«ij L^c^-X-^ 
^>'«^t::S-c5i/^TSJtfflSte:'^x/N±o^i/3 ^y h«S 

20 ^ ^ - >® ^ "> xy N± fe^-r s B^xg^^tr ^ t) n 

So 

[0 0 1 1] © B^SQ-Sl^n/c^^xyNx-:/;!/ 
±dD^x/N:^'>x/Ny>'n— ^;&^^oT^x>'^7>^— 
K;^-^^S'>x>'^T>'0— nxS^'^tr^t^nSo CO'j7X 

/^z>^-Fxs^i^ B>t«ia^iT^'9'>x/N(D±ie® 
i:®^ic<j:oT^x>r ^i^mjimtm^-^ n s o 

[0 0 1 2] cco^fc^lz:. 'ittMoiSBm^mmrHt^ ^ 
x/\3£^^-9-— ^7 -^-r r >7 ;^ > h 

30 -^B^^'^x/N^ggl (O^olc. < 4 ooiJif^ A< 

So 

[0 0 13] ^/c. ccDaoSfJS^^Sox;l/-'/^y 

bTHOR mymm] it. ±aiU/c^x/Nss^^K;g: 

(1) OJ:9JcS'rc:^A^T#So 
[0 0 14] 
2 + T3 + T4) (1) 

40 ctfi^T^^t\ micy^-c^^hmm^'^it'^'^^c 
[0 0 15] sfc. T4 (u^mm) it. 'yx,>^m^m 
x^f. :^'r-j'f ' y>v ' 7.^'^>y5^<o^o^^Mm 

s*^ mmm&t'^9^it-t^cti3^^s ^Bic^mmm^ 

±tfSCh:6^T#^V>o 
[0 0 16] ^fc. CtoaoSi5B>t^MT±iex;l/- 
50 y^yhfficoffitc. fiS^^f^^LTti. ®«fiig. ®M 
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^ 20 



(DO F : Depth of Forcus ) x 

VX^OMPSC^N. a. (Numerical Aperture )t't^ 
A/N. A. icltetJU ^J^ggfiDOFtiA/ 
(N. A. ) 2 tCtk<JIJf So 

[0 0 17] conab. g?«ggR^f^±^'^^ CR^fii 

i/HiMPtiN. A. <'rSi£MI*^fe^o ^i^s M 

;l/-;l/;b^O. 2/imL/S (^^ V • TV F • X-<~ 

(D<t«i:LT. A r F JL^zy-^U—^^^Miil^rcm 
fi. m^«ai87t^§^3bM-^S6^t-^tf ^n^:^^ A r F 

[0 0 181 S?»SR^±tfSffi<^*S^tTti:. f^lP 
^N. A. <"rSCi:^>#^&nS;fe\ N. A. 

^;^^<'r§^. S^^^3^^DOF;6Vh^<^S^^^ 
^■r;?«U^V h>b^feSo CODOFti. UDOF (User D 
epth of Forcus : :i-+fffiOT{^ffl-r SSP^ : f^^-y^ 

^^Ctf^r^^^o cn*T^ti> U D O F CDlt^*^:^^ 

[0019] h<i5T% >/wx^S3§*r^rci6tcti. 

L/S (5^ >f >• 7VF • x^-x) . aiijtL (^-r 

oTl^^o ilOfcife. Se^Rti. ED-TREE (1^^^ 

u>x7r ^s^t^'o. N. A. . m^umm&. i^^^^i^ 

[0 0 2 0] ®:;^D-trxStS (^x>'^±^ti^t) rRi±t- 



10 



30 



8 

[0 0 2 1] ©BitiSSA^g© (4 3 6 nm) ill 
(3 6 5 nm) ->K r F (2 4 8 nm) tffiifiS^kUT 
V^«»o Lsb^U ^m^A r F (19 3) STO^?lU;b^ 

E B&m^Wi=x'^^o 

[00 2 2] ®Xx*yy-7>H- Ue-hOcfc^^i^ 
xhB)tlJ:f^:b>5X-r^yy • 7VF • X^^><D<fc-5** 
^B^*^Xx*y^^O±8Slc^&S#*^'?'^^^tiTt^So c 
cot^WM. Scr)/jN^v^}SiJ)t^l^T;^:7>r-;V-HBJt*^ 
oltfeT^fet) (KptCX^^VT^fRl) . ^(Oi&St^. A. {t 

[0 0 2 3] ±iSO<J:^^S«lR]^^StCLT. ISW 
n. CO-SS^ffi^K r F&tf4S3RMt-(iA r FSJt 

[0 0 2 4] (1) STt^'^^^^-^^O^^^L/S. M 

[0 02 5] (2) tetSv'^hjt^^^At-S^^BIlji 
■Jg<J: D L / S Tb^lRl— D O F icTPIWMtlt^^i^V^o 

cn^mm-t^ctic^K^. itKg<DUf-^;i/-e±To 

S ^ 1 ^ S c i: VMiiWi^^M't ^ o 

[0 0 2 6] (3) -flSJC. L/S<fct)Ba3xSlti. 
?5:N. A. tcTlSv-Mtffi^ffSi^^*'^'^'^^ 



40 



50 



So 

[0 0 2 7] ±m<oiimm^mmmA\^±^ d o f irj 

±£0 2-::><o$ci)»*'^feSo 

[0 0 2 8] LTb^L. i:fiSJt^ti> «aou^^;i/^ 
^MKit^xmKnm (T4) ;6^m±ti::&:D. X;l/- 

u^^;i/^tCcfco. mj^mm (DOF) o[r]± 

[0 0 2 9] LTb-L^^^^. ^fet-ai-^^^cZiaB^a^K 
rF, A r FS^^Mt^lffl^^ShO. .1/imL/SST^ 

(Dmmmm.-r^ct\c^K>. 2 5 6m. igodra 



(6) 



[0 0 3 0] cntcBiu Si>3$Lfc4oottf^. -rat^ 

p« > b tDJS^igrffl v^T V X ^ ^ — >^ ^JSSffiO 

[003 1] ;!)^3b^^^1«t?DTli:^;?nfcfeO 

[0 0 3 2] ^fc. :^mR(Dm2C0Smt. 

[0 0 3 3] 30. 

^Tsi; (R) icmtii-^nrc^^^-xom^^i^^ 
% (PL) ^/M^T^iSSffi (wi. W2) ±,\z.mem 

^■rstSKB^^STfe^T. ^ISS1£ (Wl) 

LT 2 :^j^7t;¥Srt«r3^aRrtg^S i S«X-r~i^ (W S 

1) t ;^>S« (W2) ^(Si$LTtSi2Mia^x-r 

— (ws 1) ^ffirt^^Huie^ laffi:^^— 

(WSl) ^ti34±ltc^iSRjftgj&m2SMX-r-S/- (W 
S 2) \mtmB^^^ (PL) iitiSiJtciatten. 
tulBSfiX-r-i^ (WS 1, WS 2) ±XtimrfBS1SX 40 
•r-i^ (WS 1. WS2) tc{S}t^n/c:®.jSSt5 (W 
1. W2) ±<0'^—^^^&it^rc^(0T'7'^:^yV% 
(M^tf2 4 a) ^ : tulBS^Tt^^ (PL) OiSiJ* 
iD^:83ffi7'7>rp^>h^ (2 4 a) (0^m^*hh^'M^ 
^ 1 fft;3fplO-7D0JJ*'^e)mjfS^ 1 StgX-r-s; (W S 

1 ) (ommm \ m5\Pi(o&M^n\z.t\m't \ mm^ 

(B I IX) t> Hirf2Sltt:^(Rl«D{a:'3ffl!l*^^BufB^2 
SffiXT^— (WS 2) OMB^ 1 t4>3fP30GlM^^tc 
tf-Si]-r'5m2fflS$fi (B I 2X) HulSS^Tt^l^ 

(P L) OiSK*.DTtufB^ 1 $i^Si:ti:JcM-rsS3 50 
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SJgtt (B I 3 Y) i:. WMT'y^:^>VJk (2 4 a) 

oi$ffift''L>Tt8ieB 1 ifi^Mittc3:sMt'«»^ 4 fflga 

(B I 4 Y) cne)<Oaig®fi (B I 1 X-B 

I 4Y) \Z^^mm\'SLX3V^2WSi7.T-^J (WS 1 

Rif w s 2 ) <D 2 ^TtttB^^n-rntf-ffl-r ^w-i^ 

X-rAi: : Bute^ 1 S«X-r— (WS l) St/^2g 

3KXx— (WS 2) cortO— Td^DXx— i^OffiB^^gij 
f21^»tf-i^XxA(DBifiaS3aOStt (B I 3 Y) OftSfJ 

jssfiA^s^^n^p^tc. Huia^iSffixx->^ (WS 

1) H:tf|g2SffiX-r->^ (WS2) <Drt<Dfft7?OX7" 

>^-^h% (2 4 a) cOltm$Sm^t8IBT?$fti^X'rAO 

^4aiistt (B I 4Y) oti-aiJfiii:^ffli/^T«ii±i^n^ 

J:aJCHtrfa2 00S«X'r->^ (WS K WS2) OiJj 

if^mmi^rcmK. mmmsMmm (b i sy) comm 

TtulB^saStt (B I 3Y) OTi^tt-^U-b'Vb-rS 

Buiaia^^^^ (PL) cotSLBmmp^(om^ 
[0 0 3 4] cntcctntf. ^j^ttv'XxAtom 1 ffiijs 

fft. ^2SiJ:lWtc<i:t)miSffiXx-^^. S2S1SX'r 

■rntf . mi. mz sffixx-i^^o 2 :^>i7T:fiiM^waT 
5/X7^Ao^3»JMttotfsyfii^fflt>TSii;?n, 

m 1 SSXT^-v^Rtf^ 2SffiXx-v^*OrtO{a7?^OX 

•r- i/ic $ nrc: .€jsss±o r^-r^>h-7-^>i: 

ffi»OXx->^'±oS^iSi:OffiBP^^?b^T^-r ;^ > b 
[0 0 3 5] -r^tDt). $iJfflI^gTniHufB-73 0X-r- 

1 $fi:^fR3C)Si]gffi (sg 1 a^fflstf^ 2 aijgfi) 
MitJc^sM-r 3 iijsfftottayfii^fflv^T— :^ox7^ 
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mf2^(ommi (siaigfiiiRrf^2S!jgfs) 

ffll-rSCiiJb^T*^. CCDcfcatcLT— :6'<oasx'f-->* 

±OS^»]f^ ^ ftfiT? ox x~ >^±0 7 ^ pO' h Sllf^ i: 
[0 0 3 6] $/c. SiJ^^ISTHi. ±fSOffiXx->^0 

ibft^^sfilT-rsi:. m3SiJg|ftoffiBlfii*ffli>Tffi:&o 

issffi±iDT ^ ^ > h ^- (^^mmm^^m^ti 
m 3 so5f^^Dfi•slJfii^fflv^T^o^i[M^^s■r 5 c ^ 

- A ^ J^l* ^ Tc 46 £0 X -r- i^JSlif ® ^ d^^f t "T ^ C 

cniCcfcosffiXT^-v^^/h^^b-r^ch/)^ 

[0 0 3 7] iS*^2frj:ffi^Of§P^ti. IS^^ 1 
oai5B«Satc43V^T. Mes^^^^ (PD tcIS 

LTtijlS7''^-r;^ VMS (2 4 a) OSS^ffiOtcfijK^ 1 

$^±^c«^al4'^L^^^f'r§iSlJo7■^-Yp^>hlS (2 4 b) 
3^ (2 4 b) €>i^ffi*>L>THuie^ifft^Sisic3^ii-r^ . 

^SSOfiW (B I 5Y) tufe$«J?BI^S (9 0) 

HljlB-:^OXx-S^'cDffiH7b^tuieTJ$tfS/X^ 
flirifim3a!JgiS (B I 3Y) tDtf-SM^ffll/^TWa^ 

n, i^-:?^(DX7"-:$/nc^jt^n/c^tss^:6'«s^^n 
§p^tc. Mi2flfi730xx-s/nc<sit$n/c^f&»«±o 

t|-S^X-rA<D^4}^JgW (B I 4 Y) cOti-iiJfiii:^ffiV^ 
Ti^iti^n^cfc^^C MIS 2 O CD S^X X - V'OSSf^ ^ SiJ 50 



fflJL/i^tC. *(rffim5il:gfS (B I 5Y) OtfiWffi^ffl 
l/^TSufe-7^0X'r-5^0ffiBtfS!l*^Rrtl^«ffiTt^^^ 
msfflgft (B I 5 Y) <^>T^lf-«:U-lr^y h-r-Siiiife 

tc. i&feguoT^-rp«y (2 4 b) (oi^mm^p^i^ 
[0 0 3 8] cntcctntf. mm^mrHtmi—y5(07s 
(D;^^-i^(o{iLm^Ty ^mm^j: < mm uoos^^t^ 

IS^^ b T O V X ^> ^ V»(DB^?b^ff t>n S H 

tc, {i&;5£DX-r-i:^tc{SJt^nrcSfSS^±£07^'i'^ 

3S:<IE6SteH$m$n^ck-5tc. 2O(DSSx-r—>'t0l6 
X- oH^ii&f^ ftfiT? Xx- v^±fD7' ^ ^ >^ V h 
[0 0 3 9] ^fc^ Pm^mTHt. ±l20WXx— 

fa) tcMittci^M-r^^siijgttoftaffi^ffiu^TT^y 

-^^M JQ: < ^ O fig ^ SS-r S c i: ^ ^ <J: -5 ^ 
SU^DT^-Y;?«>hmtCcfct)-:??<0»®X-r-i^±tO 

S^Si^.ofiH^^ -730x-r->^±tcffiif$nrc^jSS 

fcffi7?oaSXx-S^<Dffi@tt-SiJ*^m 3 igiJ«^<7)ttiiJfii 

T^OX-r-i^'OffiMti-ifl'J^b^Rieg^m^T^ 5 PJfiifficDT 

^tlSf^ fteTD CO X - i/*{PJj O ^Ttift ft ^^^tc^D^A 

[0 0 4 0] CCD^^^CfeV^T. iS*3l3^i:|BigtD5gW 
0&D<. miS1SXv^->^ (WS 1) Rt/^ZS^X-r 
-i^ (WS2) i:OfflT'!aiSSS (Wl. W2) OStt 
fflL^ff^38S33l>'X-rA (1 8 0-2 0 0) ^^^^tc 



(8) 
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wr^*&tctt. tuiafeita^Stt. miwi(oy^^:f^> 

(2 4 b) cDl^toffl«rttctuiE-73 0»ffiXx--i^ 

4:tiifaffiiiii^;^xA (18 0-2 00) tomvm^o 
(om^w^ictux. Tj^tfv'XxAo 

S 5 SISffttO y -fe h i: ^ tcgiJtOT^-r > 

;b^«^J&:§iOJCia^. ^fetClttWLrc^MT 1 . «fP^T 2 
Rlfi6rc^S(DT% K5RS2tCt5«C>fgM<Dii'&tCit'^T 

[004 1] m^m 4 Kmm(D¥^m^t. m^m i t-ie® 20 

^0S^^7tSm^c^oV^T. luteal SffiX-r-i^ (WS 

1) Rr;tuES2Sffi;;^x-i^ (WS 2) ±iam$^7. 

-r-v^OS^/S^LTOS^Pv-^ (MKl. MK2, 

MK3) ^^^n^njB^^n. BuiBSf^Tt^is (pl) 
—>m(ot^B^^hr^&^ . Bute-^x^ (r) (o^^^-zy 

MSB^^tuiavx^ (r) i:tuKS^^¥^ (PL) ^ 

^^LT«im-r^"^-^flES^m^s (142. 144) 

[0 0 4 2] cntcctntf. M^STti— tjoxx— 

(MK2) hOffiSM^^^T'^-f'^VMS (2 4 a) O 

Mtr b T tr ^ t> n S c i: ^ S o 

[0 0 4 3] $/c. ©Jja^ST-ti. ±ie(DpXT— i/'CD 
^U-b^y hf^iiiifc^c, ■^Xj^CD-'^^?— V^OiSj^ff^ 

vL>^ofuHM^^^^mRifife^{4P^cfte:^(Dxx-s^*±o 

(MK 1, MK3) ;6^ffimi*a6^n^<fc-5^cffi:?? 
S^iS (MK2) ^SlSS®±07^-<P<>hV-^^ 50 



14 

o(afiBifi&3b^ttiii$nfcfa7^ox7"->^^coi/^T«. 7 

^ >f ;^ b V- O ttSJ^ ffiffl ^ n/c^ 4 aOSfft^b^ft 
tCJ&D. W5(07.r—iy±<0&m^ (MKl. MK3) 

vx ^ >»<7)jai5*^D i: (omnnLmmm^'^ 

7si7 (R) (PL) ^/TLT^^a-r^v- 

^fflB«^tB#a (1 4 2. 1 4 4) ^ffiv^T«^t^^sil 
msm^mommmt^mi^x^^^^ (pd 

[0 0 4 4] iS^iS 5 ^^:fHKofg0^t±. vx^ (R) (O 

?^^^i/<om^n.^^^^ (PL) ^/^LT^SiCss 
(WK W2) ±tcjaKs^-r§tSKS7t73iST*feo 

T. ^>fc:;Sffi (WK W2) ^jS^tLT^-^IWI-O^M 
P*3^ffllltC^lfinrHfe^2O0affiX7"-i^ (WS K W 
S 2) ^fflML ; m^OTj$mc<t:0 Hufa2O<DX7^— 

s^frc {Sit ^ n/c®^SSffi±ti:Suie V X ^ (D^ - 

Tt'^'tc. mdm'&(r>=^im^t^m(o^mt\c^ k> tuia 2 

ooxx— s;^ortoftk:?^cox-r-s;^offiBttffliJ^^ 

iS^ib. ISffi73^0Xx~i/lclSlt^nfc^iSgffi±C>{uM 

H^^^tl-iiib ; ttjsB-T^toxx-i^frcSJ^^nrc^iss 

xx-i^*<offisitSij*^prH&^«^TtuKm^o^?$^ 
u -fe ^y h ^-r s ^ ^. tc. mtmB%^?k(oms^^mn 

T tut BffiTj O X 7^- >^± f^it ^ nfc S/Sg^g ^ X 

[0 0 4 5] cntccfcntf. — 73C)Xx— v^^tcffii^^n 

<DiiLmmm(om\ iyy^^yvrnm tf)\ Mf^uT 
nt>n^o iicom. — ^^cDx-r-v^offiMtim^^o^* 

^mi'^t)mTr^t. ^n^T— 77^dx7^->/'o{4s^ 
mmi^x\^^rzm^(o=fmmfrc^^m^<D7.^->^(D{iim 

hi: fete. SI^7t^3^0S]^®igErtOp;r^^DSJ5i^i:0 
{4MK^^^^Iffi^Bg^f4M^cfifi:^(OX'7^-S/*oa2pi^^^ 

{fi[Mi*i6^n^o ^v^T. ^tctf-aij^nrcfte7ac>xv^- 
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[0 0 4 6] fftt^^x —TDOSfiX-r-yjcSit^^n 

fcklSStSOB JtlftflE fffiT? <D X X- i^ic «if nfc 

7 5 > httf^OP^tcitM^ nfc Xt^- S/*±cDg*P 

^t>^t)mytm\cnt>ri^o 20 

fa:??OX7^-i^©ffiB^WSbTV>fcgiJ<DT»fh;0^ttffl 
^Hg^^oTt> m^OT}$fi-tci:t)II^^OfWOX 

±12^^ ?$f1- O T »lt e - A ^ SI* ^ -li: /c i6 O X X- 
[0 0 4 8] li^^6lCieSg(Dfg0^ti. VX^ (R) 

jg^$nrc/^^->o«^S]^7t^^ (PL) ^/i^LT 

S^fSSIS (Wl. W2) ±tcJSi5M5tt-^}SK^^^S 
TfcoT. ^iSS^K (Wl) :^{Si^UT2:^j>:7c¥ffirt^ 
^SftpItg^S 1 StSX-r-i^ (WS 1) h ;^fBSffi 
(W2) ^Si^LTtufB^lSffiX-r-i/* (WS 1) t 

i^-¥Srt^B3ia^ 1 SffiXT^-v^ (w s 1 ) titi&iL 

tc^aRrtg^m2gSXx-v' (WS 2) ; HuiaSI^ 

(PL) iKigijtc^tten. Sufes®xx->^ 

(WS 1. WS 2) ^^Rl/tuiaSlfiX-r— 40 

ttJiJAtf 2 4 a) ^ ; ButBS§5^^lS (P 
L) OS^cf^vDilfulBT^-Yp^Vh^ (2 4 a) (D^f^m 

^^L^t^m^m 1 tt:?^fpjio— 73ffl!i*^€>Buifi^ 1 affix -r 

— (WS 1) OMIE^ 1 «&7^fp]0{itB^ftjiJi-^rci6 

1 aogffls (B I IX) i:. mim 1 ffi:^fRi^o{tfe73(Ki 

3b^^t8fBS2aiSX-r-v? (WS2) OtuIBS 1 ttT^lRl 
0{uB^tf-fflJ-r^rci5«Dm2»JfifS (B I X2) HU 

ieis^^t^m (PL) (omB^i^r-mmmimtm^-t 

^^sailSfft (B I 3Y) SulST-^-r^ Vh^ (2 50 
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4 a ) o«im*iL^THtJiam 1 tt^ais-r 4 aijgib 

(B I 4 Y) t^m?i. cn^OSISW (B I 1 X-B 
I 4 Y) tc<J:DiuiemiRCF^2SffiXx-i/* (WS 1 

XxAh ; mmm 1 SffiXx-v? (W S 1 ) RTC/MIBm 
2SffiX-r-v^ (WS 2) OrtO— TjOX-r— S^OffiB 

^tuiaTJ^tf-i^x-rAomsaystt (b 1 3 y) 

TWaUO'QK— 7?^0X'r->?±OSlSSffi^S^ LT 
V^S^tc. HtjfBffiT^OXx-e^OffiB^grtulSTg^fti^X 
xA<D^4a!|gtt (B I 4Y) ^ffioTiraUoOHulB 
fSS'OX'r-i^tc«lt^nfcSjSSffi±<0'T-d7 i:Mta 

>r>^>M^ (2 4 a) ^fflv^Tiaci^^i:^:^)^^. BulB— 

T^oxx-i^ic^i^^nfc^iSSffios^tf^jc. tufaft& 

73 0X7"-i^*OffiB^BufBS3SiJ5fft (B I 3Y) ^ffi 

v>T§aLooH«rfB*aK^¥m (pd jCctssaiB^x 

^fiv-<>i:OffiBM^^5R46§S>Jffii^S (9 0) h ;^ 

[0 0 4 9] cntc J:n^f. sjfiii^STni. ^ i affix 

X- i^R ^ 2 SffiX 7^- i^(OP^ (D—yi (DT.'r-i^OiiL 
B^^T^ttv^X-r ACD^ 3 iOftttOttS'M^ffll/^Tgil 
LOOK— 7? to X -r- >^±<0^jEaffi;& St^ L T V > -5 

^nfc^isaffio®>tmic, myjcDT.y'-iycoiiLm^m 

i:0{iBBB^^*«>So 

[0 0 5 0] ■r^&t?'^^ W^grniimjfB— T^'OX'T- 

1 ffi*l«loiWgtt im 1 i»JSttRI/M 2 j»J:gtt) tc 

itS*r 3 fflSfi£Dt1-S0fii^fflV^T-:^OX"r- v/'O 

x^X^cD.'^^Jf-VftiOSTt^b^ff^t^n^r^tC. fteTiiOX. 

x-i/^cffiit ^ n/c^iSSffi±o-T- ^ (D xx- 

S^±OS2p V- -5^ i: OffiSrai^^ T ^ >• f S tD«^ tti 

(s 1 mm^JSLZfm 2 iiisffl) tcia^s-r 4 sysia^o 

[CUT -:^oaffix 7"- >^±0®7tiS{^ ^ ffiTa O X 7^- 
v^±fD 7 ^ ^ > h iljft b Tff 5 c ^: 3b^T* ^ 

[0 0 5 1] ^fc. mm^mvit. -yjOT.^r-i^im 

fflv>Tg^Uoo}S^^^l^li:J:§-^X^O/^^->'® 
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[0 0 5 2] CiD^^lC:fol,^T. lisR® 7 tClgKOflB^ 

:)tf^TfeoTtufBS!^^¥^ (PL) lcj:^tufevx^ 
(R) OA:$?->®(:DSi5{aSi:HuIBfte:&cOX-r-i^± 20 

->X-ri*<D^3SiJJlffl (B I 3Y) Otf-fiiM^ U b 

[0 0 5 3] Si*il8tC|BKO5g0^ti. ±tBli5R^6frC 
f2i^<^)SKB3^^e^^:^30^T. mUUm^Wi (9 0) 

15. MfES]^7t¥^ti:j:^tufB"7X^(D/"^^-->'^^0JS 
^ffiS^tuie{te75tDX7"-i/*±(Dm^Pv-^ 

-So 

[0 0 5 4] cntiictntf. ffiTSr^oxx— >icffiit^n 
V X ^ 0/ ^ ~ >® osijffis ^ fteT^ o X 7^— f>*±(DS 

ISmtcSrzJv^TftiT^OX-r— 5^cD{4M^M®bJ5:;b'^e>ffi 40 
73i0Xx-i>lc«}t$nfc^^SSffi^^S^-r'5OT% ffi 

:*(7DXx~'>ni:ffiJ#$nfc®iSS«±<ov-'5^ ^-^ofifi 

tc. ^(OfflMBB<*^^»/c^Jcfte:?^iOX'r-S^cD{4S^ 
[0 0 5 5] C<D^^tC^oV>T. iSsRS 9 tCieSiCDfgB^ 

<7)ia]<. HuieSfJtB^s (9 0) fiui2fte:^<oxx-i^' 



[0 0 5 6] CCDJc^ic-rs^B-Kiti. S»Jffll¥Ste:J: 

ti:iJi0.BLfc«fHT 1 . ^HT 2Rtf^PaT 3(DKift^fl& 

7?OS^gXx-v^«llTfT^l/\ ^F^T 4 0i&{t^— 

sisxx-s^'fflyT'fT^ac^A^prtfetcjssoT'. x;i/- 

[0 0 5 7] ^fc. C<DiS^tC:feV^T. lisRS 1 OtCfB 
SccDfgB^OiiO < . Mie(ifi?^tDX5^-e^±<DSip"T-^^ 

BuiS7^-< ^ > h i^T«itti-r ^ h ^ ^CH^ii2^ ^ti-i^XT- 
[0 0 5 8] 1 \z%mio^mn\t^ -vx^^ (r) 

lCffM^nfc/^^-><7D{|^^}SgJ>t^lS (PL) ^ft\^ 

T^^sais (w) ±tcsi$i87t*r^s^ii7fe^B"efet:) 
T. mjm^ (wi) *i(s«FLT2^^7c¥m^^i!jnr 

b^j&^iSSXt— (WS 1) h ;^jSSffi (W2) 
J&^if UTiite^ 1 SffiX-r-v^ (W S 1 ) ^m— 

rt^fuie^ 1 sffix7^-i/^ (WS 1) t^mM-iz^m^ 
mr^'m 2 ssxt— (w s 2 ) h\ fiuia^ 1 s^gx-r 

-iy* (WS 1) :^t5tulB^2SSX7"-i^ (WS 2) i: 
OF^TSiSS^C>§ttffiL^tTaa23M:i^XT-i:. (18 0 

-2 0 0) h \ mtmB^m% (PL) h\m\zWL^f^ 
n. M2aifiX7^->^±os^v-^Rt/HuKaffiXT- 

T^-Tp^^h^^ (WlKtf2 4a) h ; tufS^ 1 SISXt" 
-V? (WS 1) i:BUlB^2SffiX7"->^ (WS 2) OP'g 
<D— :^tDX7^— i^^^HulBSaSi^XxA (1 8 0 — 2 0 
0) ^OF^Ti^iSSSO^ttigL^tTdP^lc, m^cOT. 

:^w®-r^wffii¥is (9 0) h^mi.. mmm^fa. o 

0) (i. tuie— ;^<^Xx-5/*;«}^B5ieffi3Mi/X'rA 

[0 0 5 9] cti*i:<^:ntf. MS|i#®ti:<};0. ^l»ffi 
ffi>3 (OX*r-^^'7b^S^l&f^^tT3 cfc o tcMX-r- S/'coib 

^mT4os!)f^^*^MfT«as-e^^o ^/cs u®^ 



19 

^*^Rl^tC*So tJfoT. (T 1 4-T2 + T3 + T 

[0 0 6 0] 

[0 0 6 1 ] ia ncti, -^fiSfl5fiiic^^j§ijs>fc^^ 

[0 0 6 2] cl (DSiJS^^B 1 0 XS12± 
-->^^LTCD»>x/NX-r— i/WS K WS2^fii^fcX 

[0 0 6 3] Huf2X-r--v/*gS^is ^-X^l 2±te:^ 
^NX-r— i^WS 1. WS2i:. cnSO-^oc/NXx— 

ws K yNs 2:^mm'r^:^v—z^mm^.t. ^x>'nx 

x-S/*WS K WS 2(D{iigi&ti-a!i'r'5=Fi$tf->X-rA 

[0 0 6 4] cn^^e)^^^^^-^^. ^X/NXx-v^ 
WS K WS 2Oi£ffitcti^!l^c0Ji7/^*y K (flRl^ 

T\ ^-XSl 2±tCj¥±3£Jf^tlTV^^o 
[0 0 6 5] ^-X^l 2±lcti:. 0 3O¥ffiiat-^^ 
n^cfc-ptc, X®675rfpili:®t/-5 2*(DXffiUxr:!{jVK 

C0@^fPJ)vy^.^y htDJ:^:&^0) 1 2 2. 1 2 4:6^^ 

2. 124^Cti:. ^IS^X|fi'Jx7';bV Ftc^oT^ill 
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Rifii*^ 2 1 1 4. 1 1 s&tf 1 1 i 
2 o*^^n^ngxD#tte>nTv^So ^n^A-nxo^m 

gPtJ 1 1 4. 118. 116. 12 OOJSffigPJJKi. X 

iftUxTitf-Y K 1 2 2xti 1 2 4:&±:75rRr/(B:**^6H 

fet). c:ne>OI8fil3-i';l/i:XtftUx7*^Kl 2 2X 
^il 2 4^tCcfcoT. Si^ffijgPWl 1 4. 116. 11 
8. 1 2 0:&Xffl73fRltCiglft-r^A-lf>:J^r2^;l/^(O 

10 ouiWTii. M:i:±. ±fe^ifigp«i 14. 1 1 6. 1 

18. \ 2 0^XW):=^T'e—^linSi^<Dht^o 
[0 0 6 6] CC0F*g2OOXtt»;x7^— :^ 114.1 
1 6(i. YiW73lRlJcj£D*5YfftUx7;?f-YK (^OA^f. 

co^o^^oy) 1 1 ooMiStc^n^ntatt&n. s 

fc. 2O0XfaUx7^-^ 118.1 2 Oli. Y 

mjimz.ms^mm(o\mv:^T:^^ k i i 2(Dmmz 

H^^nxi^So iJf.oT. YiiUxT;9WKl 1 OCi. 
XfttUxT^— ^ 114. 11 6tc<i:oTXffiUxr:^* 
20 -<H 1 2 2. 1 2 4tC}aoTKS6^n. ^/cYffiyxT 
F 1 1 2ti:. XiMUxr^r— 1 1 8. 12 0te:cJ; 
oTXMUxT:^;^ F 1 2 2. 1 2 4 tCjtt-^Tfgi&^.n 

[0 0 6 7] -75". »i7X>/NXx">?WS 1 diSgp^cti. 
— ?^tOYttUxT:^V F 1 1 0^±i5m}m'f5t^^mtS 

YfSUxZ:«'-r F 1 1 0 ^ICcfcoT^i^x/NXr— i^W 

s 1 j&Y^ftT^rRjtcigift-rsA— trv^v^^^y FS^oy' 
x7^-^7b'«<iric^nTv^;i>c ^/c. '^xyNXx-v^w 

30 S 2 (MISSIS tt:{i. ft&75FOYfftUxz;«7VF 1 1 2;&±73 

0. ctO'7:J7*:7.^y Fi:YttUx7;?57VF 1 l2^frCci:-p 
T'^x/nXt^— :^ws 2^Ytt:6'fn]tcigE!j-r^A— If > 

[0 0 6 8] -r^t)-^. ^^mmmmx^t. ±m\^tcxm 

Ux7;^VFi2 2. 1 2 4. XfEbUxyqe— ^ 1 1 
4. 116. 118. 12 0. YKiyxZ:*^^^ F 1 1 
0. 11 2RQ''>X/nXx— i/WS 1. WS2Ea50^ 

El^O-^i^^^t'.^y F^lCc}:-=>T'>x>'NXx— >^WS 1. W 
40 S 2^JSS:LTX Y 2:^>j7clK!&'r^x-r-i/^igI!)l^*^^ 

jsg^nri/^'&o coxx— v^igisi^ti:, laioxT— 

[0 0 6 9] ^*5. YittUxZ;bV F 1 1 OOM^IgtcS 
tt^&n/c— SiffDXffi »JxZ 1 14. 1 1 6iOF;l/ 

mc^ Y$SUXT:^7VF1 1 2(DMi^tclgtt&nrc— 
cDXfftUxr^— ^ 1 1 8. 1 2 0Oh;I/^:&gTRl^ 
•rs*PT% "^x/NX-r— >^WS 2tc:?a^l-^3 — r>^>'^fg 
50 3fe^-^±/ct). l^£-r§:^*3PieiT'fc:&o 
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[0 0 7 0] ilIB*>XMX-r— v^WS K WS2±U: 
($^^|Sll:lS^^^:^Sc^:5^^:l9:M^tlTV^-So cne>os 

[0 0 7 1 ] ^/c. ^J^^^Xy'—iyVf S 1 OXtt;^fRl— 

miic^^f^mm^mom) 21 tit. ^sf±±tw 
w s 2 (DxttT^iRiflkiaio® (0 1 ic^if^^mm:> 2 2 

— v^WS K WS 2 0 2^7t;ffiB;6^^ti^'nthSiJ^n^ 
[0 0 7 2] ij|eS]^>t^3^PLhLTti. CCTti. 

z tt:;^ fpi(o«ao3ttt^^-r s?sm*5^o i^>Xx up« > 

[0 0 7 3] CCD}Sj^^^3^PL(:DXtt:?^lR]C0Mfflytc 
>^X (off-axis) yj^OT^-^ ^>h^2 4 2 4b 

tc^a^nxi/^^o cne>a)z^-i'pi>'M^2 4 a. 2 

4 bJi. L S A (Laser Step Alignment) F I A 40 
( Filed Image Alignment) L I A (Laser Interf 
erometric Alignment ) SS^^OT^-Y J?^ > h "tr > 
•9-^WLT:teO. S^v-^:E±dDS*p-^-^&t/»>x 

>'N±OT^-rpi>hv-:570X. Y 2 :^^7c;:?S rSiofiiSti- 

[0 0 7 4] CCT% LSAI^ti. U— f T^i^-T— 
»/>ya-feX'>x/Ntc<^ffl$n5o F I Al^ti. /Noy> 
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{£gS-^affimn'>x/Ntc*S!)tc^ffl^ti^o 

[0 0 7 5] :^mmmmr*{t. cti^3mm<oT'^^/^ 

[0 0 7 6] CCD^'&. T^^:>f^>h^2 4 alt. ^x 

>^^XT•— >^.ws i±tcSit^nrc^7x/NW i±(Oz^>< 

h^2 4bli. 'i^x/NX-r— i^WS 2±tC^Sif^n/'c'> 

x>'nW2±c07'^-i':?^ > h V— ^;S.r/S*-^-^^F M 

[0 0 7 7] cne>OT"^'Y;><>hlS2 4 a. 24b^ 

n fc^SJg^i^^ill^^^^lfl l t ^- ^ tts^^si m ^ n s « 
c(o^^;b^±$ijta]gM9 otci^^n. isota^g 9 0 ?b> 

[0 0 7 8] $6tc. 2ts:|IS£?B-^OSJtSM 1 OTt*. 
SI Ttiig5^^«l8&Lfc3b^ U^^;l/RO±:?5tc, S5 

S^fflt^fcTTR (Through The Reticle ) T^^^y 
^tJ7;l/7-^-rX>hSI^^ 1 4 2. 1 4 4^^SttenT 

i/^So cne)iou^^;i/T'^-rp«>'hra^Mi 4 2. i 

4 4 (Ol^Wfi^ti:. ±$iJ®l^S9 Olc«J&^n^<tatc 

^nU'^^;l/T'^'<;?«>hSilSai 4 2Rt/l 4 4tC» 
< /ca60<i|pi^^- 1 4 6S(Cf 1 4 8;6^i^i!jeffitcEB 

^n. ®3t'>->>-vx*^pi(fe^nsi:. afeSijtssaso 
n^^tifflrq]^'^— 1 4 6&t/ 1 4 si^^ft^^n-So j& 

U^i5^;l/7'^-r;^>hgi8a^l 4 2. 1 4 4 ^(tjll 
OiSfigti:. giJAtf4tBfW7- 1 7 6 4 6 8-^i;^$SiltcF^1 

[0 0 7 9] ^fc. @ 1 Tti0^^*BSL/c:*\ JSI^^ 
^2^PL. Z^-Ypi>h^2 4 a. 2 4 bCD^tl^ntc 
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FA F/A LI^J 1 3 0. 1 3 2. 1 3 4 

tj-^nTV>So COrt. AF/AL5S13 2«. 

VS^ICJ:!) U^^;l/R±0>'^:5? — >iS:^XM (W 1 X 

ti. AF/AL3^1 3 2i:LT. \^^t>^^^i^A¥Jhf:i^ 
[0 0 8 0] Cc:T'> COAF/AL^Sl 3 2 ^^^^f 

[0 0 8 1] COA F/A L^S (^i^A F^^) 13 2 

itt. msitcm-^n^^oitc^ ytyY^/^^^i so. myt 

U>Xl 5 2. — ^fBfiSc^l 5 4. UVXl 5 6. 

1 5 8&t?Fiit3**aiu>x 1 6 oij^^^^mm^ 20 

^^1 5 1 i:. ft5t5**&U>Xl 6 2. (HliKT^fRltiafi^K 
16 4. Jg®l^>Xl 6 6. §7tS§l 6 8:6^e>fig^^7fe 

1 6 1 i:*^^3|i«^nT0>So 

[0 0 8 2] CCT'. CtDAF/AL^S (^.'i^.AFlS) 

1 3 2£D±IB«^^^fP^^:•::>^/^T•=E-^O^^ffli:«^i:g^K•r 
[0 0 8 3] S^TtE LiifiS^^'^^Xv'NWl (XtiW 

T»A^n. co^^r-r^'^^i 5 O3b^eiifm^n/c:sg0^ 30 

%/)\ ft)tu>xi 5 2^mr^^i^->m^^i 54^ 

li. UVXl 5 6. ^-^-l 5 8Jit/SSSt3^f*SlUvXl 

6 0^^T^7X/NWfOS^ffitCS^^n. 'i7JiyNWl 

(X(±W2) OS^HJcJtLT^^^^-VJg^ffil 5 4± 

16 2. iHlteT^fRl^lS^g 1 6 4 RtF*gf^b>X 166^ 
ST^T^gg 1 6 8 tDgT^ffiiCjSfg^n. 1 6 8 CD 

S^StC/"^^- Vfg^ffi 1 5 4 ±eD>'^^->'0»3b^Sj|5g 40 

ft^nso <icT\ ^mw&m^ oti. ioii^Bi ? 2 

^si 5 4<o7sVyh^'^^->tmw (o^^m^i)^^ 
^mmi^mi 1 oti. ^^m%^n:ism^m \ 1 2 com 

[0 0 8 4] dOii^. >^^i5?->Jgfi)t:Kl 5 4tn(i. m 

etc^^n^Jcfc^tc. fRi^tf 5 X 9 = 4 5{@o±T73rp] 50 
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<07.Vyhik(0mU^^^—>9 3-1 1-^9 3-5 9*^ 
^ WOS^ffi±m X fftRtf Y fa U TI446 

(4 5" ) ictm^n^o c<of^m. ia4tc^*ns^ 

igSi:«ia:*^7XM±(Dft80^7-<— ;UF*^-ro <i(O04 
*^6feBa6*^*J:3Jc. S»J^^»P LT^0P.B^:7^- 
;l/H I Fcfco 2:A7TiKI^c+^^:;^#l.^xuz^c1^mffit:- 
A*^^^nTv^§o 

[0 0 8 5] -^tDfteOA F/A LIS 1 3 0. 1 3 4 
C(OA F/A LIg 1 3 2 i:|lHitC«^$nTV^So "T^S: 

AY/AL^hX 3 2 i:{^{^|pl— C7:)®lg^7''^-rp<>'hv 
-^OthS[mcfflV^6nSAF/AL*S«l 3 0. 13 
4 <fc o T ^ tti tr- A^b^Bglt Plftg^tg^ h ^5: o T t ^ 
'So CCDfcisb. 7'^'l'><>Mfe2 4 a. 2 4btCj;§T 

'^-rp^>h-tr>+^cDttS«Mtc. ^^^i:Ii]1iOAF/A 

L^(owfm. mmz^^:t-hy^-:^y.yt-hiy^ 
So ^w-rnif. ss^^^r^>r^>bKFi:oHT% x 

So 

[0 0 8 6] ^^IC. U^^^l/iBtta^lCQV^T. EllR 

[0 0 8 7] iKDu^f^^j^mmmmf^t. 

»3 2±^U^^;l/R^«}^LTX Y0 2::j^;3fRltC5^ 
iftRltgJ&U^^^l/X-r— S^R S T i:. COb^^^l/XT^ 

^^;l/Xx— yR S TO{fiSJ&lfS*rsU5^^;l/Tj$lt 

i/XxA^^fiix-Tl/^So 

[0 0 8 8] cn^^tci^ai-rsi:. l/^<>;l/Xx->^ 
RSTJc«. El2Jc^^ns«fc^tc. 2«tOU^^;1/R 

1. R 2;6^x:^i'>;^[R] (Y$a75-fpi) tci«^Jtcag-e^ 

SjttCi5:oTfc»3. COU^^^l/Xx-v^R S Tti. ^ 
2±tCi?±3£if^n. ^a^OUxT^-^^^^^SfiScS 

igt6li«3 0 (igi#K?.) ic^t)X«:?5Ffpio?S/Mg». 

SyP'y^i:LT5^LTV^St^O-efeSo CtOtcisb. b 
^^;1/Xx— >^R S T±(OU^^;bR 1 . R2;b^&!];ltf 

OV > T ^> xy NiPJl ^ IS]^X4^ > T ^ S ^ * o 
TV^So 

[0 0 8 9] COU^^^I/Xt"— >^R S T±tC(i, Xipfi 
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TOffi®^ltSiJLTV>So cct^. cosysfSBiex 

;^'r-i/'{a!ioa!igfaB i i x. b i 2x^wrs^i$tf- 

16.1 8*^^<D'>X/NX7^— i^WS 1 . WS 2 0H— 

[0 0 9 0] — l/^^/l/Xx— i^R S Tcr)^S:^fp] 

3 5. 3 7tc5^LTig2tciSiJSIiB I 7 Y. BISYT^ 
2±CDSMf5JC3— ^— 3 5. 3 7J;t) 

:7r u>xffiSTtuieu^^;i/^-xS3 2±(DSS* 

:7;b/^x^i$itofhfflfiiA^ia i <07.^—i?mm^mz 8 
tcfit«&^n. ^0¥l5ffltcS::5v^TU^^;l/XT— S^R 
S Ti0Y^75"fp]O{uH7bWS'J^tlSo COYIftT^fqJ&B 
OlffSti:. -J^xyNffilOifliJStftB I 3 Yi&W-rS^^tfO 
WM^\z.mr5< b^i7;i/X7^— v'R s T^»>x>'NX"r— 

>^ws 1 x(iws 2 iiotsj^iitBoKffi. &c;cntcs 

< ^SBTt^o^SETi fRi (YlttTDlRl) Ol^^i7;i/i:ij7 

x/N(Diwi^$ij®tcffiv^^nso 

[0 0 9 1] — u^^;bXT— :^R s TO^*:SffR] 

5. 3 7;b^iSB^nTl/^^o ^LT> ^05^0— *fiD^ 

:/;W^X^?$ti-;b>e). cn&Ozi— :^— r = 

3 5. 3 7Jc5*LTia2tCfiiJgttB I 7 Y. BI8YT? 
2±<DS§*BfifrCZi— y^^— 3 5. 3 7.};!? 



on— :/^-^~3 5. 3 7(D»ip{iH 

T'U^XfflST^BuiaU^*;!/^— Xffi3 2±<DSI*ffi) 
^'^X^^tfOitMIffl^^ia 1 OXx->?S»J®^g3 8iC#t 

l&^n. ^0¥t^fiiK:g-:Jv^TU^d^;l/X'r-s;?R S T 

OY|ft7^rRlOfi[B:^WSiJ^nSo COYMTS-fRjffiSOlf 

ffiti. ^^x/NffioosjgfflB 1 3 Y*s*rsT^tttotfaij 

fittcS-:^< l>^^;l/X7^— >?R s T ^»>x^nX7^— t/W 

10 s 1 xtiws 2 ^otajtffisogm. &t;iinjca-:i?< 

[0 0 9 2] ^St)-^. *llfi6fg®T*ti. Tj$tf3 6S 
t/W5lfiB I 7 Y. BIS YT^^n-S— 54(D:$^":/;W^ 

i^itic «}; o T ^ ;i/^}$fhi^XT- A^^ltjffi^ nr 

[0 0 9 3].:^t£:. *>X/NXf— >^WS T 1 . WST2 
tOffiS^ga-rST^tfi^X-rAJCOl/^T. 013S:1/^L 

20 [0 0 9 4] cneoiatc^^nscfcatc. jsu^^i^ 

P LOJS^ff';D^7'"^-r;>Oh2^2 4 a. 2 4 bO^tl 
^*no«im*^LN^^iiS^lfft (Xfft) tC}tt-:3T^7X/N 
X-r— S^WS 1 OXtt75TRl— ffi!lO®tCt±. m 1 OT?$tf 
1 6*>e>£Dlg 1 SiJSIfiB I 1 X-?r5^;^nS^J$fHf-i^ 
^'Sf.gl^^n. ISHttc. SliaK:r&oT^x/NX'r-:J^W 

S SOXtt^afRKDftHPilOM^Cti. 1 OTJ^tH 8*>^ 

nrt^So ^LT. nF}$ti-i 6. 1 s-eticn^osit 

30 M^fii^&tl-ailL. 'J^X/nXt^— ^;?WS 1. WS20Xtt 

16.1 8ti.- 0 2tc^^nsJ:5Jc. ^3*(OJ¥:lfi^ 

^•rS3tt^j^ft-T^»9. ^X/^X'r— S/'WS 1. WS 
tC^-:?Tl/>So (1^1 T\ 'i'X/NX'r— v^WS 1 . WS2 

0 B lufe^fT^ -5 ^las^o e XT^-i^&t; z tt^riPiojs 

16. 1 B^CcfctJ^rX^— -rS**^T*#So 

[0 0 9 5] :&^o. ^ligiJSffiB I IX. m2}iIgffiB 

1 2 XO^^^ti-lf— Ati. '^zxyNXx'-v^'WS 1. W 
S 2 0^i6SSHc7:):^iaTmtC'>x/NXx— i;?ws 1. w 

S 2tcSfcSi:^tc;5:oT^'!:). Sf-r^T. X?S7ifR]ti:o 

3^2 4 a. 2 4 btDj$ffl^lpl/^'rnOi:^tCt,»i7X>^NX 
•r->?WS 1. WS 2C0ffiSti:. miiiiSWB I 1 X. 
^2iygffiB I 2XOH-S«filtcS-::5v>Tma^tiSo 

50 [0 0 9 6] ^fc. ^2s.t5^3 tc^^ns<k-9tc. a 
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4 a . 2 4 btD'^n^ncD«im»f'i>T*^ 1 M (X 

tt) ^^ti-rnsgtcigs-rsm4«igtti:LTosig 
CO 0 9 7] ^^^mmmom^. m^yt^j^p l^sv^ 

rcmytm<o^ji^\X7'—-Jvjs i . ws 2fi[)Y:«rfnifflB 

T^>f;?<Vh3^2 4 a 0<£ffl^O'i73i7NX7^— >^W S 1 
OYl^fRjfilMttSiJtCti. Z'^-r>^>h3^2 4 a<0<^ai4' 
^Lv '^^t>t>mASX:^mS&T^Wi&mB I 4YOtfa!l 
ffi^^ffll/^^n. 7'^-f'p<>h3^2 4 b^ra^0^7ai/NX 
2 0Y;i5-fRl{iiSti'SiJtc«. T-^^pCvMS2 

4 bo^^a^ff^^Lv r^^-^^ffisx^^jijg-r'SfflijgfftB 

I 5 Y<DttS!lfii:6^fflU^6n^o 

[0 0 9 8] fifoT. ^^^ffl^ff^CcfcD. YlfiTifRjiDT 
^ffS"JSffiA^'i7X/NX7"— v^W S K W S 2 (D^MM^ 

■^iffilSffiB I I X. HI 2 xti^n^no»>x/^x7^— 
-::;^ws K WS 2^D^*fE;^)^e>^^mSil^3^)^;S:^;^OT^ 

[0 0 9 9] ^43. ±I2Ylt?ByfflOSiJSMB I 3 Y. B 
I 4 Y. B I 5Y(0^=Fmmt. ^2:^<D^m^mt^ 
2|ftTj$tfTS0> ^x/NX-r— v'WS K WS2 0Y 

[0 1 0 0] -^mmmmvit. =Fm-i i i siscum 

g$ftB I 3 Y. B I 4 Y. BIS Y^^-fS 30©^}$ 

1 . w s 2 (DmfcmmiiLm^mm-t^^Fi^sYzyx'rL. 
[0 10 1] $/c. :$immmmT^iis m^-r^^vic 

•J?x/NX-r->?WS K WS 2iDl^cO— )3*^S^v'-'^r 
-r^>h>^-^>X^llfir*rS}!)^ ccDKJcMXv^-s;? 
®I^B9 OOjg^^ClSCTXT— >^$(|fflISS3 8tC<fc 

0. '^7x/^x■r->^*ws K w s 2o^S!i;6^ws^ nr 
[0 10 2] mc^ mmmc-o^^^T^ m i ^csr5v^TB^ 

^4 0s >'-\'*y^4 2> 5^—4 4. If— AX4^X>^^V 
^'4 6. 4 8. ^1 ^^YZ-rU^XS 0. U>X5 

2. = 5 4. b>X5 6. ^27^-^7' 

X5 8. u>X6 0. s^:r^-r>'K6 2. pjtt:/^^ 



>K6 4. UU-UVX6 6. 6 8^jb^&«ilig;?nTV^ 

[0 10 3] ccT% c(ommj^(o±nm&&mc^\^^ 

[0 10 4] ytMT^h^K r F x^v' U-+f ^M^tv^ 

x-rA (iHEJttg. mntnom) <fcD*«^®gB4 o*>6 

^— 4 4ti: j;D<Ifn]^nT. e— Ax4^X/^>^4 6. 

4 8te:J:?)i8iS^e-i:.SJj:SJB^ti. Hi >^^^T-r 

10 u>X5 otcAi^^n^o c(Dmi ^^-rz-ruvxs 
oicAi*^n/c7t^{i. 2^^7E:WtcBa5tj*nrc:7^-f7 

-ru>xcDxup«>htc^t>^sS(^^mtc^i^tij^n. u 

>X5 2. JiSj^^— 5 4. U>X5 6tC,fct)lft/§^ 

;^nso ccoH2 7v-i'7-r u>X5 8cfcDi*a^n/c 

ffi :7 :t — ;0 X ^ n /c fit B t c @E B ^ n /c Rl S!) ^ 

20 -r>K6 4^iiiaL. UU-UVX6 6. es^mzi^ 

6 2tCcfc-DTjg^^tircm^JBt^c. ccTtimJi^XU »y 

[0 10 5] $m^ic-oi->rm i tcs-zJi/^TUte^ 

9 0<DETtCfeSii:)tafflffilSB7 ORI/X-r-^^^'SfJ® 

^@3 smt^^m^^nri^^o 

[0 10 6] CCT\ *J®^0±IB^gj«#gpoiS{>f;g:ft5 

30 i^ic:$immmmi^i^>^ts.mn^mm i o ©s^^oibfp 

[0 10 7] S7tfiSiJP^H7 Oti. U^^;l/Ri:»>x 
(WlXfiW2) i:0|Wi^^S;^)"^^^5r^^n^0^c5feS: 
oT. >^-V^y^5?i&Bj^B7 2tcm5^LTv'-V"y:^IBi!igp 

7 4 ^lEi&^^HirTi^^ *y ^ 4 2 ^sj— :^>-r^o 

[0 10 8] COtts Xf— V'MSS^BS StCcfcD. ± 

S»J«|i«S9 0O}i^tcjSi;TL^^^;l/Ri:^7x/N (w i 

Xit\N2) . -r^&^-^b^^/l/XT^-v^R S T^^x^N 
XT—i^ (WS iXtiWS 2) iOlel^^S (X^^-^^SiJ 
40 ») ;6^BB5&^nSo COIwia^^ttti. tuiSLZ-cT^ffv- 
X7^AiDffliJg|4B I 3 Yi:S!lMfSB I 1 XXIftB I 2 X 
Rtf U^'j7;l/^}$tt>/XxAOSiJ:lfaB I 7 Y. B I 8 
YtmmmB I 6 XOltSJffl^^x^bOO. Xr—i^ 

Mmmms 8tCctoTu^i>;ngij!ia5 3 o&a»>x7Nx 

[0 10 9] ^LT. (©Xx-i^^jb^m^Oif^^MWF^ 
50 cntcJct). ?SB^llS:6^SOM0^5^tcj:!9, ^<DTffi 
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[0 1 10] CCT% i(fi^Lrc>''^;UX5g7tcOMtei:i5l^ 

Co 1 1 1] l^rc. ±ii(D^^myt^\Ci/3^y hJ:.yiy 

[0 112] i:C5T% ±aiL/cU-1fSiJffll^g7 etc 

"^x^nWI. W2±OfilciOii?.;b^e^ 
my^—)VY^ (w) i&ilja-rSF^friinlHl (ntilEtOSI 

St) fe^-rsie^gjb^fe^rcai). fg^iijea^ f ^7 

30 

[0 113] f /n-V/w (2) 

i&p^:u i^-i^xhsa^E^-rsh. (3) 

[0 1 14] n P = E (3) 

[0 115] ^e,fc. ±uw&mQ ox\t. m?L\i. X 

n L TffiiEMtciS i: /c X T— i^ffi®(DMiE^fg^f i»o 

[0 116] MtC. *^fflJga8cDjSKfIfd^BTti. 
x/NX-r-ywS 1 i:cD[aT'>x/N(D3Sg5^f7^'5S 1 
<088aM2^XxAi:. ^x^nXt"— >^WS 2 i:cDF^T'»>x so 



^mW- 1 0-2 1 4 7 83 

30 

^N^»*ff*aS2 0ffiii>'XxAi:;b^Ktj-&nTV> 

So 

[0 1 17] m\<Omkiy7.7-Ls{t. 0 7^C^^nS«t 

--:;^ws 1 ^oHT'?^3^-rscfc'5tcLT^'x^Ni5^:&eT 

1 (DD— 8 2. C On— 
Kl 8 2tC}tJoT^tt*r§Sl^0X5^iri 8 6SC;^ 
2(DX^>r^f 1 9 0. mKDT.'y-f^X 8 6JCSSl5#tt 
an/c^l OZVn— KT— Al 8 4, S2C0X^-f'^ 
1 9 Oti:Iit){iftte>n/c^l on— FT— A 1 8 
#/oT^fiK^ns"^ 1 O'^Xv'Nn-^*^. ^x/NX-r— 
>?W S 1 ±tci9:tt6nrc 3*cD±T®lgP*J;b^6fiKSS l 

[0 118] CCT\ CO^KDjSiUv'XT^AtCcfc-S^ 

[0 1 19] ccT^ti, 0 7ti:^^ns'cfc3tc. i^m<o 

'>x>^\n— r-O^^fitBtcSS'J^x/NX-r— i^WS l± 
tcfe^'^xyNWl ' ^mi0^7X/Na-^tcj;>p^iM^ 

So 

[0 12 0] ^-r. ^StJta^B 9 0 T^ti. ^7X/nXx- 
i^WS 1 ±0^05^0*^ xyN;fi;l/^(3r)/^4^ 3.— A^^ia 

^ox^*y^i^j>LTx^:7L. 'i7x/\wi* (D^m^m 
i^-rso 

[0121] ^j^^tc. 3fe^J®l^S9 OTti. ^ISI^O-trV 

m±.mmmt^o ^n\^^K>. ^^x/Nwr ^b^m^ffiB 

ti> ^S^O-^xyNn-ijrsijjaiggjcS l tOT>n- K 

y— A 1 8 4o^i&^3^5t'rso cmcj:t)> '^x/NH 
—^^nmmM\^^K^m 1 ox^-r i 8 e j^wsdSij^i^ 

n. S 1 OZ>'o— KZ— A 1 8 4 *^n— 7=^^ l/^'iS^ 
HI 8 2tCTe-3T'>X>^NXx->^WS l±$T©i&LT 
»>x/^W 1 • OMTJcffiS-rSo 

[0 1 2 2] CCDt^^T% ±*J®^fi9 OX\t. -^y^ 
— 7»yy 1 8 O^FjiSffiB^TTKIBillj^-ltSo ClO-lr 

T^yy 1 8 0OTI^O^fpT% »i7X/\Wr 
1 OT>'D— KT— A 1 8 4tC§frtiS;?nSOT% ifliij 

FZ— Al 8 4 0/^4^:i-Agfl5fi^m5^'rSo cntCck 
t). Si OyVD— F7— A 1 8 4tC«>x/NWr 

[0 12 3] 3E$IJ®I^H9 OT*tis '^X/NP-^Jf 

SJaiSBtC^ 1 (DT^U— \^T—L. 1 8 4 OilJg^^ 1 
CDo— FT— A 1 8 SO^ift^te^SrJg^-rSo CtltCcfc 
SKOX-^-r^l 8 6^— i^MtcSlOZVP- F 

\zm2(07.^^^1 9 0A^'>X/NWlJ&ffi}fLfcSl(D 
D— FT— Al 8 8 i:— <*6^tC + Y73fRltC^0a:&^lSa-r 
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^LT. ^lOD-KZ— Al SSA^^x/NXx- 
[0 12 4] C(D4*9lT. ±$tj®g«9 OT^i-bV^S'- 
T^yT'l 8Q*±^ffiiiiU -tr^^?— 7^yyi 80\z^ 
»3ij7xyNWi*T:??*^&J*'e±tf^Hi:-5o ±»J 

m I (Du— FT— A 1 8 8 t—iiimz-Yyjmt:ii$m^ io 

BBJiSLrmiOn-FZ-A 1 8 8 (Ommm^^t^tl 

CKT^HlcDn— FT— A 1 8 8iDiimii6^|WI^tc 
±*<Jffll|^M9 OT{i. -tr^^— 7^yy 1 8 OOT^Kift 
^^^^SbT'>x/^W 1 ^'^x/nXt— i:^W S 1 ±O^0 

[0 12 5] ^2©JBJ5l->X'rAti. [SHUtc, Iil8^c^ 

x>'^X-r-v^WS 2 t<Dm'U±j3^tm^lCLT'yj^^\^ 20 
l^^^Ti5:■9o C<D^2oaS3Mi^X-rA«. Ytt:^fpltc3^ - 
t/^M2(7)n— rY>y:^V F 1 9 2. cl0^2 0n— 
■r-<>^'*;^3V F 1 9 2tcJttoT3^ift-r^S3 0X^-i'i?r 
1 9 6Rlf^4(07s^^^^2 0 0. |g 3 tOX^-Y^^ 1 9 
6tCffii»3frftte)n/c^2C)7>n— FZ-A 1 9 4. S 
4CDX^-1'^2 0 0^C5X0^^t^^nfc^2OD-FT— 
Al 9 8^^#^T^i^^n^^2co'>x/^p-^i:. 

'^x/N;;^x-i/WS 2±tciatte>n/c^0zR©^2(O'b 

[0 12 6] i^tc, ia7&t/|§|8tca'::5v>T. *^ifi?& 30 
ffiOlt?8 T ^ 2 O O X/ N X 7^— i^' tc <fc Mfif MJi 

[0 12 7] ia7Jcti. ^7X>^NXx— ywS 2±CD'>X 

^F^lc> ^ffJlD— -rY>^ffiMtcT±3SO^U:LT^7x 
^^T.'T—i^yNS 1 O^iMv^XT^AhcOP^T'^x/N 

CtO«^. "i^xyNX-r— :;^WS 1±T'«. '^x^'N^^j^tc 

t)nSo ia7tC*3l/^T. B)tei!jf^4'aD'j7X/NXT* 40 

-^^*WS 2fDffiMSJ®)ti. TJ^H-S/XT^AcojgiJgfftB I 
2X. B I 3 Y<ott^Hl)fiitca■:5^/^T^T;&::bn> ^^x^N^C 

1 (OtiL&m'mt. T^tfi>X7^A<D«!|gttB I 1 X. B 

[0 12 8] coiS7tc^^n>5:£fflUoa-T'^>^*fii[ 

H"Z?ti7'^-rp« >HS2 4 a^OSTtOx/NX-r— i^W 
S 1 tOS^-T— ^fiFM 1 ±<DM^^'-'>if^^^'?^ 
h^oTV-S (09 (A) #68) , C<Drcisb. ±M 
9 0T(i:s T^^ ^>hlfi2 4 aic^^m^-^— so 



^Ifi/X-rAOfiiJSttB I 4 Y ^tfO y -b *v F*|| 

[0 12 9] 09 (B) tC«. a^Pv— i'MK Z(Omik 
^JSt;^n^r^^;^>h^2 4 aOF I A^^-fey 

09 (B) k:fe</>T. xtiC C DflDMSlSt^ii^ 

Oii^KHo^^A^^^nTi^^*^ ll^actiYfft:?5fqitc 

[0 13 0] 09 (C) tCti. 09 (B) (O^-^MK 

2(omm^F I Ai^o-ty-y-T'BjD^A.rc^tcT'^-r^ 

*^^^nTl/^So T^-rp^>FSiJ!Bi^a8 OTtiCOiS 

K2(DiiLm^^ttiC. ±mm^m9or*it. buihv-^ 

MK 2 0fiL®^iiJgfflB I 1 X. B I 4 Yt^T^ttcoH- 

ffl?SS^ti:g-::5i/^TllgttB I 1 XhB I 4 Y^&fflv^/c 

mm^ (&sT. m-^ 1 oxT^-i^^sisj 
Co 1 3 1] ±^\^rc^x.^^i^m. Tmn^covtiyhiz 

x-r-i^ws i±tcms^nirc'j7XMWi±ji:jB^^n 

^y^^ ^>h^2 4 aiOL S A^(D-fe>1t^^£ffll/^T 

tfailb. ^OtfjiJ*Smtca-::?v^T^^x/NWltOX. Y. 

[0 13 2] ^7v^;?«>'h<D^7t^. -^x/N 

It. T^tf-yXxA CaiJSttB I 1 X. B I 4 Y) te:<J: 
t), •J7X>'NX7^— >^*WS 1 OffiB^^MUOO. ^tt_h 

^^^tc. »j7x/NXx— >^ws 1 mu^^W}-^-^^ 

>Fv— ^{iM^7'7^;^>h2^2 4 a<OF I A^^^D-tr 

mom 1 X-r— S/^#,3^±T'SS/H y F ^Oi^SfiiS^^it 
m^n^o CCDE G A^0^.OS2I5O3ai^ti^©JlI 
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[0 13 3] ^UT. ±»JS|1^B9 OTti. ^f>3 >y h 

[0 13 4] ^mmmm<om^. lu^bfcjc^tc. 

ALI^132 (H4#^) ©ffSiJ. $fJWJ:J:S^-h7 
[0 13 5] »^XMX7"— v^WS 1{PJ|T% ±IBO'>x/N 

[0 1 3 6] mi^Lrc^:r./\\Nimtmm 

"^•^^VhggaSMl 4 4. 1 4 2JC<};SS*T-^®F 
M1±V— ^MKl, MK 3 il^n^C^fjS-r^U-^^^;!/ 
±V— iJ^RMKl, RMK3©^X-/NS±S^fS<30ffljlf 

T^fOa^g, b^^;UXx— v^R S T^^^x^nXt^— i/W 
S 2^^^S:?^lR|tC(llffi^S^-li:;Sil^tCct(9. X:^^-^' 

[0 13 7] C(Ocfc'5*'>x/NW2±©±>'3 h^ig; 
«r S L T ^5: n 

^U^^jVRZ (A/^^ — » ^m^TA 1-A 1 2$ 

Tiil^jX:x4^-v>S^;&fT^orcl^. IBi&lfe3 o^ffli/^T 

?-i7;uR 1 {E^^^-z/) ^m^&micm^Lrcm. m 

1 3 (B) tC^^rnSB 1 — B 1 2iDIIll^T'X^^>'S 
^^fT^do co^. b^^;l/R 2 ^U^<>;l/R 1 Tti 
STt^f* (AF/AL. Sita) ^jgia^A^SftScO 

[0 13 8] c:o'>x/NW2(oras^ft'0§gptoffi]ft 

[0 13 9] ±3? Lfu0 7 tc^-r 2 o<D^?x>rN;;<.7^-i; 
WS K WS 2±TMfTL'TfT^t>nSS^S/-';r>X 

Lfc'>x/NXx->^fD7^:6^J^'^t^,^^;S:^), 'mi5<om{'^ 
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L/c^i^T*0 8 tC^rffiHS T^'^x^nXt^--^^ 
S K WS 2*^i^lfj$lJ5|I^nSo ^UT. SJtv'-yv 
XA^^TUrOx/NXx-v^WS 2±0»>x.^NW2(i. 

x*^tT^t?nSo 

[0 14 0] ia8tC;g^^ns:&ffl!ln-'r-i'>^-4^i/^>'3 

10 l/h^kZ 4 bOTtJiaip'^— ^fiFM2±OS2pv— ^ 
MK2*'^ffiB-:5tte,nsi:5^i:^S:-pT:fe»). Mj^cD'^x 
N 3S ^Eb ft ^ 7 ^ ^ > h - ^ > X i: H f f ^ n S » 
^J&So ^?$fhi^X7"A(?)ffl!lfiffiB I SY^Sr^-r 

Sg2p x'— :i7SF M 2±C>V— :J7MK 2 Ol^lttltC5tS:-3 
T^lfT^nTV>So 

[0 14 1] ^^ic. mi(o^mt^^m2^<o^m^w<i't 

20 [0 14 2] -^x/NX-r— v'WS Ui. 2Effl!)P— -r-<> 
^^•5p^^->3>T*T^^^>h^ff:^o/ctttc. m^\Z7s< 
^tlSJS^Jt^^PLOTt^AXff'.L^ (Ja^cfiuO <3DM 
TJcS2|IV-<>ffiFM 1 ±OS2flV-^*'«5KS&B (0 

1 0 (A) ^-e^a^ns^^ co^BbfOia^t'T 

»JS«iB I 4 YOTj$tt-tf-i:.3b^ '^x^Nj^-r— i/WS 
*l7^i:'5^c08iOfiLMST'>xyNXx-S>WS 1 

30 [0 14 3] -r^^-e. 5fe^c:|«BflU/'c<t-9JC. *:|ISgJB 

S 1 jO^feSe^lC. T'^-<p<>h3^2 4 a(^)KT^ca2p 

T^aWttB I 4 YO^}$ff-;b^U-fe^y h^nTl/^SOT% 
CKOfiiS^T'Jx/NX-r— i/WS 1^— B.j^U ^Ofit 
B;b^?)^46t)?b>oTV^ST'^-r;?OM^2 4 a 0^tH4^ 

nsci:cD^i/^a'JSttB 1 1 x(OTB9Yi 6<Difmm^ 

40 ^XiJrUOO. ^?X/>Xt— i^WS 1 ^ffiJSB L/cttX 

So 

[0 14 4] ^LT. ±*jai^B9 oxit^ mi 0 
(A) tc^^nscfcdtc. u^^fVT'y'^^iyhmum 

1 4 4. 1 4 2tCj:Dil)t^^fflU^TS53pT-^t6FM 
1±T— i'MKl, MK 3 i:^ntc3*f£-rSU^^>rl/± 
V— ^RMKl, RMK 3^0^7X/^ffi±^a^^^DtaJ4fi^ 

50 [0145]I110 (B) tCtiU'?^^;l/R±CDV— ^R 
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MK (RMKK RMK2) (O^JL/\m±t9S&Sitl^^^ 

n. m (c) jcfi:aiev-^ffi±o^-^MK (mk 

K MK3) *^g^^tlTV^-5o S/c. 010 (D) icit 
HIO (A) (Oi^®T% U^i7)\/T'y^?^>hmU^l 
4 4. 1 4 2lCU^^;l/R±(0-T— i^RMK (RMK 

i'. RMK 2) <o^:c/\m±m^»tmm^-^^<o 
v-i^MK (MKK MK3) ^mmc^iti-t ^mm^ 

^ih^(Dm^t)^^t£nr\,^^o (1(0010 (D) tC:fe^/^ 
CD<Oiii®BXD3i*^®H^5^*ro 01 0 (E) io 

CO 1 4 6] ^Mmmm9 ov{tc<om,mmw^m(o^ 

^ x/NX-r- v^f # ^ 0: a * o fc^.^T** 

[0 14 7] cnteicfcD. mmbB 1 1 x. b i 3 

— ^jKFM 1±<DV-^MK 1 . UK3<Om^iiimil. 20 

^ M K 1 . M K 3 Jffi^{uH^OtlSirfiiMBa^:5'«a<i6 ^ n 

[0 14 8] ^LT. 3E$iJS|I^B9 0Tti/5fetCARa6/c: 
S^PtS F M 1 ±'^— ^ M K 2 tcWf ^S-i:^ 3 ^y b (OtBSt 

[0 14 9] ±a?tDcJ;3tc. T?$ttoy-lr^y hi!j{^^?T 
> his 2 4 atCcfcOS^v-iJ^ffiFM l±<DSap-^— 

^/^yvmmmx 1 4 4^ci:t)IS%CtBi:«^Pv 

[0 15 0] ^fe. ^MK 1 -MK St^miCftl 

r^-tr^y hSS^O^T^lilSH{i:Mi/^o STc RMK 1 , so 
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RMK 2 feU^ii';l/SSB^tc<fc§:i-7Hry V^l^-^^ 
mLff^^^tiK »!IAtf«FM¥5— 6 7 2 7 1 ^i^^ffltcBB 

[0 15 1] tfc. T^^^Vh$ITfflB*^^0 8<Ofi[ 
@tC^7X7NX-r"->^WS 1 ^^^a-rSHtil, SJSffiB I 
4 Y*^^n^v^i:-5JS:^'&frc(i. SISttB I 1 X. B I 
4 YOttffl!Jfii*^-^f LOO. T^^^>hS^7t^tcit 
-etc. 0 8CDfflBS-e'>x/NX-r-^?WS 1 J&ItiSMtc 

1 OYffl^iS32*r§Sltffi2 1 Jctffl^^^ 
LCD7tttAX^M^S'JS$4B I Z^tf^t-^t^^tc^^. 
IMk. \y=^^)\^T^^:^>Ym^mi A A. 14 2tCcJ: 
Satp-T-'J^ffiFMl±V-^MKl. UK3h^n\Z 
?*jS-rSU^^;l/±V— ^RMK 1 . RMK30»^XM 

ffi±s^f^<ota*fffiB«^tH J: wtucov^-rnoBfi^T*^ 

[0 15 2] ±12 ^ instil LT. S^^7ffiS3?)^e)^X 
M;^-r— S^WS 2*08lc^?nSfiffi!)OD— 
3}^>^i/3>S*Z?5^i!j$-i±. iOSIftB I 5 Y(DTj^it©U 

[0 15 3] S/c. 0 1 4tCti> 'i^x^NXx— v^WS i 
±tc««F^n§'>:ii^NW 1 ±(D^i/3 »y 

D. 01 5^cii. cn^M^JMti:ft«ct)n^'i'x/NX7^ 

— :;^ws 2±ic«jt^n§'>x/NW2±o7^'<^vh 

2 0<D^7X/NX-r-5;^WS K WS 2^fflji:LT2 
7\WK W2lC?tUTS7tS^— '5ryXi:'>X>^\^^- T 

^ ;?« V h >^-^ >X ^ ^MtT b TtT^ -5 c tc: <}: 0 . 
x;l/— y^y hfDfR]±^0oT\/^^o 

[0 15 4] tC^i)\ 2 00'>X/NX'r->?^<^r:>T 

2ocoi!){^^fpi^M?TfflJi-r^^^ti. — :&0'>x/nx 

x>'NXx->^'TfT^t:>n^l!)f^tciJ^:^^^^li^?b^S 

So s/c. jetc. — tdO'^x.^nxt— >^'±-e?Ti5:t)ns 

!j!){^*Mtfi:^tO'>x/NX7^-e^T?f*t)nsiftf^tcK»;& 

[0 15 5] «?yxtfs X^-V>ii^*(i> e^X/NWl t 
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xy>X-r-S/-WS 2*-T-^ffiB-r»jt*-lJ:rctt^T?f 

ti^r^^^o cn^mi ARumi 5tms^> lai stc 

:fel/>T^7XMWnc«Li!lf^#^ TK 3. 5. 7. 
9. IK 13. 15. 17. 19. 2 1. 2 3J T*5^ 
t£il^X^^r>m^t. la 1 6ti:^3l/>T'>X/NW2tCj* io 
Utftf^S-^ Tk 3. -5. 7. 9. 11. 13. 15. 

17. 19. 2 K 2 3j -esR^n^^T^-r^>h^ 

« 3S: P> -r »f9Sttiil*^tt ^ x. S d o 
Co 1 5 6] S/c. »^x/N5^}^^tc4oU>T^>|5j1iOL:2:: 

[0 15 7] ±aiL/c^-Y^>^'"iiSMti:. ±©Jffl^H9 

otCcfcoTfT^t>nSo 

[0 1 5 8] i:JL±mmLrz^vic. :$^mmmm(Dts.Bm 

Tt^Sl OtcJ:^^:. 2ft(D^7x/N;^^n^*nffljiti:ffi 

if*rS2 00'>x/NXx— >^WS 1 , WS2^M<iU. 

cn^ 2oo*>xMXx~>^^xy z:5fR]tcfflS:tc^ib 

^-l^rT. — TiO'J^x/NX'r— i^^TC^xyN^^^T-^-^pt 30 

CO 1 59] Sfc. ±l50i!if^:&^t)ms^tc. ^0 

0ltSai>-y>x^^fT^5«fc^ti:L/cC^;b^^. 
thi/Xxi:.(OiiJgiM7b^^x/NX-r-i^*ORI4ffi i^mm 

^X -r — i^COyi^mit^B^ IC mM'V ^ . x 

mmcoi^^ ^ $ T'/jN^-r ^ c ^^t^ . c ntc <fc o 

JfijitcpiaaT'^^ 2-:>(0^x/N7.x— v^^^MicSatc 

CO 1 6 0] s^iajf^o?Tt^n5>30'>x>^NX 



Jt^l&PL«/M./cU^i7;U7^^;p«>hS»@l 4 
2. 1 4 4 (B^^T^-Yp^Vh-feV-y-) tC^OS^Pv 

h i6f¥ Ofrten S :&tO X/ NX X- -s^tc v^T tiillgffl 
T^ftU-fe^y h^lRimc7'^>1';?<>'h3^2 4 aXli2 4 
b (*:7r^i/X7'5><>«>h-fe>"9-) tCfcDSJgv- 

^ ^ x^' N xx-- v^cDffiB^ wa*r ^ ^ jstt^^ 

-^m±'^-^ti^i^3y ho:>mytmmmiiLmt(Dmti 
S14 2. 1 4 4\c^y)i^m^^^PL^'frLxmm-^ 

X/ NX 7"- i:;?^ ffis^gji-r § T?$tH'JStt^«j » 
1 7 6 4 6 s^^timi^mm.'^n^^'^^^^rjimm'r- 

CO 1 6 1] ^fc. ±ieilSSfK^tc<fcSi:. S»5t^lS 
{£o Tif ^ t^ns z 7 > h iJjflF i: ^MfT 

CO 1 6 2] ^0±. ±l2^ffim^,tCcfc§^. ^X/N3S 

3S^fT^Q:3'>x/Na--i$r;b'«r^-<:?<>hlfe<D3aja. ^ 

^/ca6. 'i7XM32g&;()^^7''^-l';>i>hi/— yvx-^tO^ 
fft}^nmicmst)H. cfc!?iibi/^X;I/-y^y h^ff^SCi: 

CO 1 6 3] $^jc. ±timmBmi^^^ts ±aiL/c 

T ^-r ;^ > h Ife^iSK^^^ P L <J; t> < ffi LT^M 
L/C ^ LT ^X^lz-T'^y h tOS^fbOKS:6^5&^^ < ^ 

CO 1 6 4] Src. ±IEIIfiSJK^Jc<j;S^. 2'0£Dr5 
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t3b^T'#. 2O£0^?x>'N7.-r-i/«:ffliz:LTiEfilJc©ii 
[0 16 5]^e>tC. 2Ot0^x>'N;^'r— v^WS K W 

I 1 X. B I 2X{i. -^tc^^x^Nj^^x— s;ws K ws 

2tC^rfLTPfllt$n. S'>X/NX'r-i^OX$fi:er[nlfflM 

[0 16 6] ^fc. ±te^sfijBMtCci:^^. m^«(,<D\^ 
^DOF (^^^isa) o:>0i±^^mtm^n^o co- a 

m^At D O F 0(p]±ami:^#S c tti^T^^o 

CO 1 6 7] m^itS. T 1 i^ji/\s^m^m) . t 2 

(V—^yy^^yh^m^ . T3 {^r^VT^^T^ 

f-^JL/\{c^(,f:^^mm^m^Tl : 9*J\ T2 : 9 

T3 : 1 2#. T4 : 2 SS^^L^c®^. 1 
X/ N X 7^— o T— aojaajb^ e^-- y > ^ ;MC fT 

X;l/— y^y hTHOR = 360 0/ (T 1 + T 2 + T 3 

+ T4*2) = 3600/ (30 + 28*2) =4 1 

S^ffi^llSS-r^fie*gBOX;l/-7'^y h (THOR = 
3600/ (T1+T2 + T34-T4) = 3600/5 
8=6 2 [fe/^] ) i:tt-^TX;l/-y^y h*^6 6%^ 

^ffl^/^TTK T2Sl/T3i:T4 i:i&M^J«aSL35:)b"« 

ibs X;U— T'-y hTHOR = 3 6 0 0/ (2 8 + 2 8) 
= 6 4 [«{/^] iSfi?ftfii:DOFCDfRl±aS 

Co 1 6 8] <^ 2 (OUSSfl^SI) ij^JC. *feK(DS2iO 

^ ffi Bs t c L g L < ^ BS -r ^ t> <o -r ^ o 

CO 1 6 91 COS2 0||S{BJg^jcSe&i8«^E(i, 0 



(WS 2 0— aKDS^fecnti^i:) t\ mmmB 

I 4 Y ^ B I 3 Y fcOffiSHSeS^B L (SOgfAB I 5 Y 
i:B 1 3Y t(0«AM.mmmi>ctitm\S) .J;Dg<ao 

TV^«» T^><^>h->— ^>XOjKTtt®*>e>B 
^v'-^VXcOMft&ffiBST^^x/NXT^-v^WS 1 (X 

^±WS 2) ;b^i^S!i'r^raJc. sygtr-AB I 4 Y CXti 
B I 5Y) *^X-r->^coSt*®*^^«]n*V^J:3tc*o 

mm(otmu^^m 1 0 ^ incite ^oti^So 

Co 1 7 0] 01 ^7X>rNX-r— >^WS 1±'J7X 

>'NW 1 (DT^--r>^yht'^fi^T\.rcmcW\S:^B I 3 YO 

Co 17 1] COia 1 6A^5>feRa^:6^^«t3tC. '^Xy'N 
X-r-i/WS 1 OffiB^WaLTl/^SiBJgMB I 1 X, 
B I 4 YtOT}$tKi7'^^;>{>'h3^2 4 atCjcS'^x/N 

w 1 ovT^vz^-rj^oh m^LfcEGAic^^n 

20 :Q:t)n§) iSi^tll^. T^H'tr-AJb^'J^X/NXx-i^W 

tif^^i^(Dr\ ±mm^m9 oTitmsMB I ix. b 

I 4 Y<D=F^ttOffi!lffl[;&^X:$?bC)0^7XMX7^'-S^ 
WS 1 ^T^jpOhSITffiS^b-eSgJbVXP LOTtC 
Sjpv-^SFM 1 *^{4S-:5tten§iai 60ffiS^T 
^K^-t^^o CcD^. S^^-^ISFM 1 ^S^U^X 

P LOMTJi:{fiHSi46-rSil:SuT'aySfflB I 3 YtDT?$ 

t)-kr-A*'«'j7x/NX7"-i^ws 1 ossifstJiTSM^n 

30 Co 1 7 2] CCDJi^. "^x/NX-r— >?WS lOiuB*] 
S'JSISB I 1 X, B I 4 YO^^ItOitSiJfiitcS 

^^i:S^S:»9. 3£©I®^M9 OT(i. '^x/nXx-S^W 
S 1 iDffiB^jEfiitc§ST*tT:foD> CO^^ (tt^p-^ 
--J^ffiFM 1 ^tSKl^VXP L<oatTJCte®j*46-rSifi 
Hu) aiJSffiB I 3 YCDTi^tf-^U -tr^y h-r^o U -Ir ' 
^yh^TfS. '>x/NX-r-S^WS l<Of4S*J8|l{iaag^ 
B I 1 X. B I 3 YfD^7$ttOtt-iijmcS-::5V^TfTJ5:t) 

nscfcoic^^ imi(07.7— iymm^t)^^f^ 2(07.7- 

40 -i^g5^3^tcffi<i3^(O^D§;^:6MT^t:>n^) o 

CO 1 7 3] •?'^Dm^ ±$ija?^B9 0 rtiS 1 6lC^;^ 
n§{SSJC'>x/\X'r— S^WS 1 «:{fiB3*A6U l^f'^ 

v-^RMKl. KMK3(0^:SL/\m±tSB^<DmmiL 
B<^a. -Tftt^Sv-^RMK 1 . RMK3^^)tffiS 

50 ±0'T-:^MK 2tcS4f -S^va ^y hOfflmBIMH^i: 
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[0 17 4] C<Dm^^\c. B^ffiMtciSCTllSttB 
r 4 Y (iSI* 0i;b^ & li-rnttai^fig i: * S Stic ^ x 

CO 1 7 5] c:o<J:3tJ:LT— :^0«>x/>x-r-i^WS 

cDi>xMX7^— :;?ws aassftB I 2x. bisy 

X— >^WS 2^KIO'>X/^^^^y-y>'XS?^^7X/^Z^ 

CO 1 7 6] »>x/NW10S^*'«^T$l7Urc^/ST% 
iStJSS^M9 OTtijgiJSffiB I 1 X, BIS Y<D=Fm^ 20 
Otf}gOfiiJ&^X:$f-LOO. SOSiPftB I 4YOT5$ff-tf- 
AA^^7X>^NX'r— i^WS 1 OSi^atCTSIi^n-SffiS 
ST'^Xv^nXt^-^^WS l^&^itlU SJSttB I 4 YO 

OT'tiSCf^x/NX-r— >^WS 1 <D$ir(ai(D/ci6iD 
fflSM^S'JSttB I 1 X, B I 4 Ytc^t)^^T'i7X/N 

Xx-v^WS 1 J^o— rYV^^Jj^v^e/aVtcj^Sb-r^o 
CO 1 7 7] C05^®J*tC. ^Ji[t^fflJMSB I 3 YOT 

^7X/NXx— i^W S 1 iOffiS»JfflliO/'cA6«DailgttO^ 0 30 

X f T n T V > ;5 o ^ fp c i s 1/ \ 
Co 1 7 8] iSiJfflJ^S 9 0 Tti. *>x/NXx->^ws 

ws 2c?:)^K^r^i$&-r^o cco^Ko^pf-e. mf^tm 
micLxmrniAB i 3YoT^ti-tDy-t^y h^^f^L. 
^^o^t. ^r^tmmicLT. V'^^jimwmi 42. 1 

4 4%fflU^TS£p-T— ^teFM2±(DV— ^MK 1 . M 

K 3 i:^n^cMJSt-^L/^^;l/±-^-^RMK 1 . RM 4o 

K3O'^x/NDi±ai^f^i0ffl«ffiH«im. t^t>-6'^- 

^^RMKl, RMKStU^am (S^5t¥^PL<D}S 
* e tlT ^fiip V— ^ffi F M 2 ±(0^— 157 M K 2 tcS^ 

ffiFM2±v— ^MK 1 . M K 3 j^sttHotas^iaaM 

CO 1 7 9] 1 licit. CC0J:^tcUT'^7X/NX-r— so 



^NX-r— i^W S 2 ffl[|l?B^i^'-^>XOi6f^*^fT*t>n 

Co 18 0] C(0U—7^^>if:fii^i/3>Tit. mi<0 

gfpV—i5^«FM 1 ±OV-^MK 2jb^fi[gr:5tt$nS 

T^I^^^C^lOXx— >^ffi®3^ (B I 1 X, B I 4 
Y) ±"ev-^MK 2(0ffi®fiLM^^ 1 

'^tnm\ci.xi^mt^o :^>:^i:^7x/^wl±^Dv-^^c 

•y hOj^lfffiB^^Wf^o IP-^. §i>3 ^y hcOi^^ffi 
B*^6SiP«F M 1 ±«Ov-^MK 2oai®ffiB^JIEi: 
Tv-^MK 2tc^tt-^^>^3 ^y h^DfflmBM^^S 
ttJ-r^o ClO^^TEG Ai6f^^^7L. 'JXvTNXx- 
5/"WS 2±'j7X/NW2<0!l)tjSIT«:^oT. ^BtfBIl 6 

CO 1 8 1] u±mm\.rzif^^2<ommmm(oi&mmit 

m^ti^m. 7^-<^>hi/-^>xioi6{^*s7^^. m 
ytiy-^>7.<Dmmcm ^ j^^^K^Dxx->^c»^iao 

Stt*^|5l^tc^7x/\Xx-i^OSI*STSI*;?n§<k'5 

<£ffl^n^SygW;b^|WI^tc^7xyNXx-y<DKI*®TS 

i\y^^)\/T'^^:^Z/hmWM \ 4 2. 1 4 4) 

tcntc5fejioTaiJgffiT»fh<DU-tr*y higrHfrb. 
xyNS^$ITt*ti:^:7T^>^X7'^-rp<>h-fe>-9- (T 
^-<^>hl^2 4a, 2 4 b) tCcfc »5S^tS±0^— ^ 

mtc § 7 ^-r > htdf^ gf^T^^^ P L J: ;5il7t 

7tfi[j^t^'>X/N^^l!j{^(D^(3^;^tD3^4iT\ ^0^^ 

t*:Oi&{tT«fflt-^ifflSffl^*-r^^}$l+tcXx-^^^^^ 

y-y V(0\^±.^m^ch'h'^-^m}:.r^^o 
CO 1 8 2] «:43. ±ie^K ^ 2 cOHSES^Tni. * 

fg0^*^i:SiS^?t ^ffi v^T ^^x/ NtOil7t^?T^ 9 ^Htc 

<. *f80-BtO^BtcJ:9. — :&<D'>xyNXx->^fflJT*2 
t5c^D^^^;Wi:T2lEIS7t%^T^^ P^tc. 

fflxi ojis ^ s ftfi:?!ro X / N X -r- i^ira T xy 
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tf. 8-f':/^^7x/\oS-Jas^K (T 1-T4) *^Hu3^ 

T2. T 3 ^ 1 i5^;l/-y i: U (ffSOg?) . T4 (2 8 
3 6 00/3 0= 1 20 [tS[/^] 1 OCD'^X 

;l,-7^.;; MH0R = 62 [tX/^P] ICtt^Tit {SiSO 

Co 1 8 3] ^/c. ±lSIISgJg^Tni:. 7.'r-yZf'T> 

^e)^cti^^yyi:^^y7^:&^fig-r§Xx^>y^> 20 
Co 1 « 4] 

6—11 tclfiK^D^WtCcfcntf. X;l/— hOiql±R 
CO 1 8 5] $fc. ii^«5tc|Slg<0?6B^tcJ:ntf. X 

imzl 2 0cD»i7a:/NX'r-v^<^:U^^;bX-7^— 

cia3] »>xyNX7^-i/'(DiKis^«<D«fi!c^^>-r¥®ia 
ci2i4] &m^^mtY^^^>hJkic^n'enmf'fib 

nrt^^ A F/A L^^^f^TfeSo 40 
CSS] A F/AL?^^TTRT^-r^>HSO«fiE* 

C0 6] m5co/^^->m&^(Dmik^^stmr^h^o 

C08] S7<0'>Ji/N3g^ • T^-fp^vhs/— yvxi: 

en 9] 7^-Ypf>'h3^(Ccfc'5»S^?^-^ffi±cOS^*T 50 
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-^O<tm»ft*gi^-r§/ci6<D0T*feoT. (A) (i 

g?^v-^M K 2 A^fflB^^t^n/cit^^^-ria. 

(B) tta*T-i^MK2CDJBttO— 0tJ&i;-?'n^7'^ 
^?^>h^2 4 aOF I A^-feV-y-Ti^ffi-r-Siij^lRC) 
i^^com^^^-rm. (C) tiv— ^MK2CDiii®;&F 

I A3go-fevifTijt)ji/u/'£^tc®®fi!ia^tcTt#e>n 

CiaiO] ^^i^;V7'^'i'p«>hSi?S^tc<J:-5Sipv- 
(A) ti:b^^;l/7-^-i';?«>'hfS^t£:<ttiS7tJt^ffl 

V^TSipv— ^^SFM 1±V— ^MK 1 , MKS^^tl 
l^s (B) tiU^i7;UR±OV— ^RMKcD^X/nS± 

ta]^#i&^-r0. (c) tiS2p"T-^t5±^ov--57MK 

^^-ria. (D) (A) lC:font^M®l$^f)iA^<D*i^ 

^^rm. (E) jiSiOiisti/ciiifSjb^SQiS^ntt&n 

cia 1 1 ] mmm^wm-^nrcm^GL&t^iyBy h<o 

^ t:> n ^ m?^ ^-r T s ^ o 
Ciai 2] 2^<o\y^^)v:^{^n-f^iimmitm(o\y=^ 

;l/ X ^^fl^ ^ o 

C0 1 3] I:SS^O[S^OS)tJllJ^:&|^^^■r^fc:i6^D0 
TSoT> (A) fil^l 2 0>'^^ — VA(Db^^;l/^i^ 

t)> (B) \tm \ 2 0/-^^ — >BC0lx^^;l/J&^oT'> 

Ciai4] 2 0(0'>X/NX7^--i^O—75'M«i$^n/c:^ 

cms] 2 0cr)'>x/NXx— >^(Dftk75rtCfS}f^tirc:»> 

Ciai 6] ^2O||SSJgll<Ol!if^:grSfiWrsrcA6tO0T 
feoT. ':7X/NX"r— >^WS 1 ±^x>'nW 1 or^-Yp^ 
>h*'«^7Lfct^*caOgttB I 3 Y^W-rST^tf-iOU 

CI21 7] ^2CD||S{SJB«|iDib{^^ltt0^-r§/c4!!)(O0T 
feoT. '^xyNXT— i^^WS 1 *^D— r-<>^4?S^i>3 
>ST©S!l^n> •^x/NXx—v^WS 2ffi!lTii7t>'— 

> X (DiSf^ A^tr S ti T 1/ ^ s ^tD<$^*^-r 0 o 

1 0 ^S^St^^S 

2 4 a. 2 4b 

9 0 ^$iJ^^S 

1 4 2. 1 4 4 L^^^;l/7^-<^VhgiSJ^ 
1 8 0 -b^^— r yy 
182 SltOo— x^>^;53VF 
184 ^ 1 OZ^n— KT— A 
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1 8 6 mi(D:^^^it 

18 8 mi <0U— K7— A 

1 9 0 mzoT.^^^ 

1 9 2 m2(Ou—f'^ >if:S^ F 

194 SZOT'Vn— KZ— A 

1 9 6 msOT.^'^if 
1 9 8 
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2 0 0 m4<D7.^^it 
WK W2 ^^X/N 
WSKWS2 ^7X/NXx-i^ 

p L mm^mj^ 

B I 1 X— B I 5 Y iKIStt 
MKK MK2. MK3 
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